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PREFACE. 


Tue following work has been translated, at the rec- 
ommendation of Professor Horsford, as a good intro- 
duction to the study of chemistry. 

Such alterations only have been made in the text, 
as were required to adapt it to use in this country. 
Other changes might have been desirable, such as sub- 
stitating the hydrogen for the ozygen scale of equiva- 
lent weights, the Fahrenheit instead of the Centigrade 
thermometrical scale,” the adoption in every instance 
of a scientific instead of a popular nomenclature, &c.; 
but, after due deliberation, it was concluded not to 
depart from the original, except when absolutely ne- 
cessary to do so. Where alterations in modes of ex- 
pression, &c., have been made, the meaning of the 
author has been carefully retained. 

In some few instances, the scientific nomenclature 
usually adopted in our chemical books has been de- 
parted from; but this could not well be avoided with- 
out somewhat marring the character of the original 





© It ishighly probable that the Centigrade thermometer will in a few 
years be generally adopted in this country for scientific purposes. 
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work. The changes, however, that have been intro- 
duced, will in no way confase the more advanced 
student, even if they do not assist the learner. 

‘There has been in many cases great difficulty in 
rightly translating terms used in the arts and man- 
ufactures, for the obvious reason that there must be 
many peculiar technical terms in use in Germany, 
where arts and manufactures, such as porcelain-mak- 
ing, metallurgy, brewing, wine-making, &c., are 50 
extensively cultivated. 

An important part of the labor of translating has 
been performed by a friend, whose familiar knowledge 
of the German language has been to me of much 
value and assistance. 

I am also under great obligations to the Rev. Dr. 
Francis, for his kindness in looking over the pages 
as they issued from the press, and for many valuable 
suggestions. 


C. HP. 
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extensive adoption of this as an introductory work in 
the schools of Germany, sets of apparatus to accom- 
pay it are advertised by manufacturers. 

The qualifications of this work, as a text-book for 
tchools, are such as to leave little, if any thing, to be 
desired. The classification is exceedingly convenient. 
The elucidation of principles, and the explanation of 
chemical phenomena, are admirably clear and concise. 
The summary, or retrospect, at the close of each chap- 
ter, presenting at a glance the essential parts of what 
bas gone before, could scarcely have been more happily 
conceived or expressed for the wants of a pupil or an 
instructor. 

The book is also well adapted to the wants of teach- 
ers who desire to give occasional experimental lectures 
at a moderate expense,—and of those who design to 
commence the study of chemistry, either with or with- 
out the aid of an instructor. 

E. N. LORSFORD, 
Rumford Professor in the University at Cambridye. 
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PART FIRST. 


INORGANIC CHEMISTRY. 


(wiveraL cHemtsTRy.) 


INORGANIC CHEMISTRY. 


CHEMICAL ACTION. 


1. Every one knows that iron, heated to redness, 
changes into scales or cinders, and that, exposed to 
moist air or earth, it is converted into rust; that the 
expressed juice of the grape gradually turns to wine, 
and this, again, to vinegar; that wood in a stove, or 
oil in a lamp, disappears in burning; and that animal 
and vegetable substances in time putrefy, disintegrate, 
and finally disappear. 

Iron cinders and rust are iron altered in constitution ; 
iron is hard, tenacious, of a grayish-white color, and 
billiant; by heating to redness it becomes black, dull, 
and brittle; on exposure to moisture it is converted into 
’ powder of a yellowish-brown color. Wine is altered 
must, in which nothing of the sweet taste peculiar to 
the grape-juice can be perceived ; but it has acquired a 
Spirituous flavor, together with a heating and intoxicat- 
ing power, which was not in the must. Vinegar is 

altered wine; it has an acid smell and taste, and has 
lost its spirituous flavor, as well as its exhilarating 



































of our | 
In onder to define the different localities on) 
globe, imaginary circles, as is well known, have) 
drawn around it. Those whieh pass round thes 
from east to west, the Largest of which is the equ 
are called parallels of latitude (circles of lntitn 
those which pass round the earth lengthwise, inter 
ing at the poles, mecridiaas (circles of longitude). 
parallels of latitude g 
unlly become salle 
wards the poles; the 
Fidians, on the conti 
ar all of equal size. 
circk,NESWNr 
sents a meridian or ¢ 
of longitude. ‘The fo 
part of this cirelay 
what is the same ti 
the fourth part of the 
cumference of our eo 
as N E, is the basis of the French system, 4 
qaadmnt was divided into ten million parts, 
which was taken as the unit, under the name of m 
A moter is about three feet anda quarter in’ Jen 
‘The smaller measures are produced by dividing by 
and are designated by Latin terms; the larger one, 
multiplying by ten, and are designated by Greek te 
‘Seulier Nenmres Laeget Meeaeates, 
Meter, Meter. 
Devimeter =, meter. Decameter =  10me 
Centimeter =) “  Hectometer= 100.) 
Millimeter = ye “ Kilometer = 1,000 + 
Myriameter = 10,000 4 
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than a similar one of rough cast-iron, &e. 
‘The radiation of heat enables us to ex] 


sun, even in the hottest summer, melt the snow 
the tops of high mountains, which are nearer th 
level portions of the earth to the sun?) Bee 
only heat those bodies which can absorb: 
as the rough surface of the earth, The: 
strack by the rays ab aor 


ing the night a higher temperature than the | eurtase 
ihe earth; it is only cooled where it comes in contact 
with the colder earth, If this cooling should reach the 
dew-point of the air ($38), then the vapors are eon- 
densed, on the soil or on vegetation, in the form of 
























mR WATER AND MEATS 


the former experiment, ata gentle heat, until scales are 
formed on the surface, then remove it from the fire, and 
let the liquid cool, stirring constantly with a woodes 
stick. In this way, instead of crystals, a pomder of 
salipetre will be obtained. 

‘The motherliquor, just alluded to; may be regarded 
as a cold saturated solution, containing about « quarter 
of un ounce of saltpetre. If by evaporation only so 
much water is left a2 is sufficient when hot to keep in 
solution but a quarter of an ounce of saltpetre, thes 
crystals begin to appear in the form of a film on the 
colder parts, indicating the saturation of the liquid, If 
this again is allowed to cool quietly, « second: exop of 
erystals would be obtained; but by continual stirring 
they are broken at the moment of their formation, —by 
slow movement into a course, and by rapid movement 
into a fine powder. This may be called inlerrupted 
crystallization. Sugar presents 9 similar example; the 
same syrup, when cooled quietly, yields rock-candy; if 
stirred, it yields common loaf-sugar. 

52. Experiment, — Put into boiling water as much 
common salt as will dissolve, and let the solution coals 
‘no crystals will form, because salt is as soluble im cold 
as in hot water. Now evaporate one half of the solu- 
tlon over a spirit-lamp, and set aside the other half ina 
warm pluce; in the first case, mens irregular grainy of 
salt will be obtained, but in the latter case, after some 
days, regular enbes of salt will be deposited, 

63, Experiment. — Dissolve.» spoonfol of ealtand/one 
of saltpetre in Inkewarm water, and put the solution in 
a warm pinee, that the water may gradually evaporates 
the two salts, which are intimately onited in the salue 
tion, will npon crystallization sepamite completely from: 
each other, The saltpetre separates into long prisms, 












































iron) has united chemically with the acid; the yellow: | 
ish liquid holds the iroa sait in solution. 

75. Degrees of Oxidation. — Oxygen is a universal 
food for all elements; it ix consumed by therm, and, as 
already stated, in fixed quantities. But the appetite of 
an element for oxygen often varies according to the 
circumstances under which the latter is presented to 
‘it; for example, it is greater under the influence of heat 
than of cold, greater where there is an excess than 
where there is a deficiency of oxygen Henee many 
vlements frequently consume greater quantities of itat 
‘w high than at a low temperature, and when the supe 
ply is copious than when it is deficient; and this ex 
eas oF diminton of onsunpton ie wise pre | 
scribed by fixed laws. The different proportions in 
which substances unite with oxygen are ealled ita de | 
grees of oxidation. 

76. ‘When sulphur is barat in carson gs onthe | 
air, it combines with oxygen, forming swlphurous acid; 
bot it can be-made to unite with one balfas much | 
more oxygen, and then sulphuric acid is formed. 

‘When phosphorns is rapidly burnt, it forms with | 

oxygen phosphoric acid; tat if it be exposed to the ait 
fetteoat ‘the application of heat, or be bamt with im 
perfect access of air, then phosphorous acid is: princi 
pally formed, which contains two fifths leas oxygen 
than phosphoric acid. 

Accordingly, by the terms sulphuric and phosphorie 
acids, are to be understood combinations with mort 
oxygen ; by the terms sulphureus and phosphoroxs 
acids, combinations with fess oxygen. If an element _ 
yields more thon two acids with oxygen, then new 
names are formed by prefixing to the acids the terms 
er ot hypo ; for instance, perchloric ucid, byposulphurie 


| and hyposulphurous acide, &e, 
Lo al 








68 MBTALLOIDE, 


79. The hyperoxides ensily give up a part of their ox- 
yaen, either when heated alone or with certain acids; 
hence they can be made use of for obtaining oxygen. 
An oxide of frequent occurrence in nature is the Ag 
peroxide of manganese, used for coloring potters’ ware 
brown. It is a combination of the metal manganese 
with oxygen. Oxygen is uaually obtained from this 
when wanted in large quantities, a8 it ean be pat in an 
iron vessel and heated to a bright. redness. If the 
manganese is heated alone, one third of the oxygea 
contained in it is obtained, and red oxide of man- 

remains bebind; but if heated with the addi- 
tion of aulphuric acid, one half of ita oxygen is abr 
tained, and the remainder is protoxide of 
which combines with the sulphuric acid, forming a salt. 

80. Oxygen is absolutely necessary to ull living creas 
tures. Al] the air which we breathe must contain free 
oxygen; if this is wanting, snffocation ia induced 
The chemists who discovered it seventy years ago, and 
first. prepared it pure, gave to. it, for this reason, the 
name of vital air. In later times it was designated 
empyreal air, because it was found that every combas 
tion, however familiar to us, was a process of oxida: 
tion, in which the oxygen of the air combined with the 
particles of the burning material. The symbol for oe 
yaen is O, the first letter of oxygen. It haa beet 
ngreed to express simple bodies by the first letters of 
their Latin names, 














HYDROGEN (fi). 
At Wi =125.—Sp Gr = 0.068 


81. Experiment.— Boil some water for fifteen mit- 
utes; that all the air contained in it may, be expellod; Me 








70 METALLOIDS, 


Pass water in the form of steam, obtained by ‘boiling 
the water in the retort, a (Fig. 34), through a red-hot 
iron pipe containing a spiral wire; for instance, a gutt- 
barrel, At this high temperature the iron in the pipe 
unites with the oxygen in the water, forming black ox- 
ide of iron, and the hydrogen je ect free. This is the 
method by which the celebrated French chemist, Lavol- 
sier, sixty years ago, proved that water is not a simple 
body, but consists of two gases, oxygen and hydrogen. 

83. 'The decomposition of water by iron is more eae | 
sily effected through the presence of an ally, which sup. | 
ports the iron in ite endeavour to extricate the oxygen 
from the water, Such an ally is sulphuric acid. 
Experiment.— Put « quarter of an ounce of 












ter. Noaction takes place, 

but if half an ounce of 

common sulphuric acid be 

gradually added, at the, 

same time k 
flask in constant motion, ecbullition and heating 
the liquid will immediately ensue, ‘Lhe cbullition i 
caused by the evolution of a species of gas, hydrogen. 
Insert into the opening of the flask a perforated cork, t0 
which is fitted a bent glass tube. Allow the first pote 
tions of the gas to escape, then collect it, as the 
was collected, in a flask filled with water over th 
pneumatic trough. 

‘There is one indispensable cantion to be observed 
experimenting with hydrogen, which is, sot to 
the gas into the receiver wntil all the atmospheric air 
isting in the flosk has beon expelled, as otherwise np 

; plosion might take place. 
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be pressed up into the bulb, replacing the air which has 
been expelled. 

98. Current of Air. —A great many phenomena of 
daily ocenrrence may be explained by the difference in 
levity between warm and cold air. When a fim is 
kindled in a stove for the heating of an apartment, the 
air immediately in contact with the stove is first heated, 
becomes lighter, and ascends; colder air rashes in to 
supply its place, and this is likewise heated and as- 
cends; consequently, a constant circulation of ain is 
kept up. By a similar circulation, the whole atmos- 
phere of the earth is kept in continual motion. At the 
equator the strongly heated air ascends and moves in the 
‘upper regions of the atmosphere towards the poles, while 
in. the lower regions the current of cold air flows from the 
arctic zone towards the equator, in order here to re- 
store again the equilibrium, disturbed every moment by | 
ihe ascent of the warm air, These regular currents of | 
air, the direction of which is somewhat diverted by the 
revolution of the earth on its axis, are called trde-winds, 

In every heated apart- 

Lif ment, a difference between 

the heat of the air near the 

ceiling and that near the 
floor is very 

If a door or window is 

such a room be opened, a 


current of air is produced, 
pounce 


lds © a lighted ita 


in the opening; the flame, 
when held above, at ¢ 
(Fig, 53), is blown from 
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cloudiness in the liquid; it is the affirmative anewer to 
the question put by the Lime-water to the air. If you 
ask, What ls the source of this carbonic acid? the rev 
ly is, It is formed wherever substances are burning, 
wherever men and animals are breathing, and wherever 
decay and putrefaction are taking place. 

In 100 measures of atmospheric air are contained, — 


79 measures of nitrogen, or N. 
2 “ oxygen, *« oO. 
b-s “ © carbonicncid, « CO, 


and variable quantities of water, * HO. 

Tn crowded rooms, and other confined places, the air 
becomes deteriorated; that is, poorer in oxygen and 
richer in carbonic acid. 

‘That the air also contains other foreign ingredionts i= 
not strange, since it is the constant receptacle of vol 
atile substances and dust. The air coming from the: 
Spice Islands, even at the distance of eight or ten miles, 
is impregnated with the odor of cinnamon and cloves 
‘The dust contained in the air can be discerned im the 
sun-beam, &e. ‘These ingredients are usually so small, 
that they can be determined neither by weight nor 
by measure. 


COAL AND FIRE. 

CARBON (C). 

AL Wi = 
103, If a piece of wood be placed on the hot hearth 
of a store, it becomes brown, and finally black, — it is 
charred. If water be poured over a burning chip, the 
latter is extinguished, — it is likewise charred. A piece 
of lines, when inflamed and immediately smothered, 
becomes tinder. Tinder is charred lincn. In the first 


al 
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considerable quantities of ashes,) has a gray color, is 
more or leas. porous, is very hard, and has & metallic 
lustre; it burns without forming soot, and gives ont an 
intense heat; hence it is an excellent fuel, and es 
pecially adapted for the smelting of irom, and for the 
heating of locomotive boilers. Coke is obtained asin. 
secondary product in the preparation of illuminating 
gas from pit-coal. (} 118.) 

Bone-black (C intimately mixed with bone-ashes, 
and generally also with some azotized substances) it 
obtained by heating bones in close vessels. The coal 
contained in it amounts only to about one tenth part of 
the whole, the other nine tenths being bone-ashes; but | 
notwithstanding this, its decolorizing power is so strang, 
that it ie preferred to all other kinds of coal as a means 
of abstracting color from the syrup of brown sugar, or 
from other dark liquids. 

‘Two sorts of exrbon found in the mineral kingdom, 

graphite and the diamond, possess very xemarke 
able, yet different, properties. 

Graphite, or plumbago, (crystallized black carban,) a 
gray substance, having a metallic lustre, imparts its 
color 80 readily to other bodies, that it is used for make 
ing lead penells, and for giving a black polish to aes 
articles, such as stoves, &.; it is so soft and 
that it is added to grease 6a the purpose of 
friction in wheels and machinery ; it is also so. 
combustible, that crucibles are made of it, which endure 
the etrongest fire without burning (blue-pots). 

Diamond (crystallized colorless carbon) is the hardest 
of all bodies. In external appearance it has not, indeed. 
the slightest resemblance to coal, yet it ean be 
burnt up in oxygen, and carbonic acid is the only 
uct obtained from it, and exactly so much is obtained 



















each other regularly, or in some intricate manner, eloth 
stockings, velvet, &e Nature also impresses different 
forms upon the same substance, but in w still more 
varied and artistical manner. The adaptation of the 
atoms to each other is not rendered visible to us, even 
by the aid of the strongest microscope; but this theory 
may be regarded as correct, since it explains the sab- 
ject in a simple and natural manner. 

109. Coal and Oxygen. — Cos! undergoes no change 
on exposure to the air, or when imbedded in the groand. 
Ttis not decomposed at common temperatures, that is 
it does not enter into combination with the caged 
the air or of water. But this, as is well known, takes 
place very readily, when heated to redness, 
‘burns and disappears, with the exception of a 
quantity of ashes. ‘The heat thas developed is the rs 
sult of the chemical union of the carbon with the 
oxygen of the air. The gas generated is called t 
acid, which forms, with lime-water, a white pe | 
{enrbonate of lime), as has been stated 
Carbonic acid consists of one atom of carbon and two 
atoms of oxygen, consequently its formula is = CQ), 
It may also be obtained as follows. ol 

Carbonic Acid.— Experiment.—Mix 109 grainsol, 
oxide of mereury with four grains of charcoal, and 
them in a test-tube (j 56). A lighted taper i 
into the gas is extinguished, « sign that it 
no free oxygen. If you shake it with lime-water, 
liquid becomes torbjd, and on sbaking the flask t ) 
finger ix sucked in, opeather it ix “pressed into: 
of the flask by eric air, a proof that the 
was absorbed by the lime-water, and that a 


was producéd within the vessel. If the | 


cary had been heated by iteelf ($56), it 


— | 
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a coil of fine platinum wire, being raised toa white heat 
_ in the flame of a spiritlamp, be plunged 
"ek quickly into a heated goblet. ito nwhiel 



















ceazed glowing in the air. The alcohol un- 
dergoes a slow combustion, that is, it wnit 
with a small quantity of oxygen, and 
heat thus liberated is sufficient to keep # 
wire red-hot. A disagreeable sour smell will also 
perceived, proceeding from the new combination for 
between the alcohol and oxygen during the 
combustion, and which may be regarded as pat , 
burnt alechol. When alcohol is kindled, it burns briskly 
and completely, and the products emit no smell ; then 
fore the combinations formed daring the rapid or © 
plete combustion must be different from these forn 
during the slow or incomplete combustion. Something 
similar to this is perceived with all other combustible 
bodies, The unpleasant odor caused by the singeing 
of the hair, the scorching of wool, the boiling over of 
milk, and the dull burning of blotting-paper, is the eomse- 
quence of incomplete combustion; if they had been com 
pletely burnt, no bad smell would have been obsern 
If in the last experiment ether be substituted for 
hol, and the wire be brought to 2 white 
cause it to burst into flame; but the red-hy ire will 
not kindle it. The temperature of the red-hot wire is 
not sufficient to produce mpid combustion of Nes 
but a stronger heat is required, As phosph 
not inflame until it was heated to 70° C., nor ethy 
til a higher temperature was attained, co all comb 
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application of this principle for the prevention of tlie ex, 
| plosions so often occurring in coal minos: Ta easy} 
mines a combustible gas (fire-damp, or light 
}) izsues from the fissures of the coal, which, 
mixing with the atmospheric air, forms un explosive gus 
| which might be fatal to the miner who should carry a 
_burning lamp into a vein filled with such a gas. But 
| if the flame be inclosed withia an iron net-work, the ex- 
plosive gus would only burn within the cage; the miner 
thus warned has time to withdraw, and this dan, 
gas iz afterwards expelled by appropriate means. (Da- 
y's Safety-lamp.) rs 
115. Complete Combustion. —In the combustion of 
| hydrogen, water is formed (§87), and in the combustion 
| of carbon, carbonic acid (§§ 63, 109), Both of these 
products are also formed in tho combustion of most 
other substances familiar to us, as these generally eon 
tain hydrogen and carbon, on which depends | 
pacity for burning. ‘ 
Experiment. — Invert an empty flask over a baraing | 
candle, so that it may receive the | . 
as they form; it becomes clouded 
side, from the deposition of moisture 
condensed from the emoke upon the 
face of the glass. This smoke 
contains vapor. "This explains why, 
| ing a vease] over a lamp, moisture is | 
ited on the outside as long as it i | 
Pour lime-water into the flask, and it, 
The liquid will become turbid, and ¢ 
on standing, a white powder (carbonate of lime); thi) 
the smoke contains also carbonic acid; some nitrogen 
also must of course be present, as it existed in the at 


mospheric air which was used in maintaining the firs) 


ail 


Fig 6 


























mon oil-lamp, so as partly to suppress it. The fron, 
being a good conductor, not only cools the flune, ee | 
it also obstructs the draught of air; a part of the cam | 
bon, therefore, remains unconsumed, and is deposited | 
as soot upon the spoon. In this way watchmakers pre~ 
pare damp-black for marking their dial-plates, A tal- 
low candle yields an invisible and scentless smoke | 
‘when allowed to burn quietly, but, on the contrary, a 
sooty and disagreeably smelling smoke when the fame 
is cooled by blowing upon it, or moving the lamp about. 
In order to smoke ment rapidly, green or wet wood is 
burnt; this yielde a thick, black smoke, because it ean- 
not be heated above 100° C, as long as it contains 
water, and st this ow temperature it is only incom= 
ly consumed. 
17, Muminating Gas and Flame,— Experiment.— 
To acquire a clearer understanding of the products of 
incomplete combustion, put into a Tange 
test-tube some wood-shavings, ant 
it, having previously adapted ‘to 
opening a cork, provided with a gf 










Pig. 60. 


gaseous on combustion can only glow, but ca: 
burn with a flame. Some charcoal will remain Gi 
burnt in the test-tube, owing to a deficiency in the 60 
ply of air. An application of this principle is made 
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gas, $446); owing to its larger proportion of hydrogen, 
it is lighter, and, on account of its smaller proportion af 
eurbon, it burns witha paler flume, than 6) deony cag | 
buretted hydrogen (TH, Ci), commonly called olefiant gas 
(§503).. ‘These two gases (Hy C and H, C,) form the 
principal constituents of the common illuminating gas 

119. Experiment,— Heat some pieces of wood, and 
conduct the volatile matter through a tube intoia sie] 
immersed in cold water, and adapt to the cork of the Inb | 


Fig Me 





ter another open tube, for the eseape of the édleminating 
gas. Two Muids will be condensed at the bottom of 
the flask; one a very thick viscid fluid, and the othera 
thinner watery substance. ‘The first ia called sood 
tar; it is resinous, and ia therefore insoluble in water 
The other is called eood-vinegar, or | 

acid; both its taste and action upon blue test-paper in 
Aidan Used Sbide com nha Dluminating gas, wood-tor, 
and wood-rinegar did nol previously exist in the wood, 
but were formed daring the incomplete combustion 
from its constituent parts, carbon, hydrogen, and oxy- 
gen, Such new-formed substances are called products; 
and in the present case, moreover, products’ of the it- 
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the rushing in of cold air from below. ‘The alechol 


is drewa up from the lamp by the: capillarity of the 
wick (§ 108); it burns with a feeble lustre, but ifm 


near the margins of the flame, while in, the interior it 
will remain dark; consequently, the external, part is 
much ‘hotter than the central part of the flame. ‘The 
point of greatest heat is indicated by the mark in the 
figure, and vessels to be heated over the spiritdamyt 
should never be placed below this point. may be 
tendered very evident by applying a friction-mateh to 
this partof the flame, when it will take, fire at onees 
but not so quickly if thrust into the eentre of the flame 
122. In the flame of a lampor candle, three portions can 
be distinguished; in the middle (a, Fig. 73), 
the dark centre, consisting of illuminating gas 
(decomposed tallow): around this (b), the 
luminous cone, consisting of burning hydro 
gen, intimately mixed with carbon at a white 
heat; and on the very outside (ec), a thin, 
scarcely perceptible veil, in which carbon i= 
burning. Ifa horizontal section, through the 
centre of the flame, be supposed, it would 
present nearly the same appearance as ia 
Fig. 74. The middle circle is carburetted 
Pig. hydrogen, or illuminating gan; the 
hydrogen of which burns first, aul 

the great warmth thus evolved brings 

the carbon to a white beat (thie 

is indicated by the second eirele); 

and finally, in the exterior cirele, the 

carbon is consumed. The heated 
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of solid bodies ; water, of liquid; air, of uceiform bodies; 
and fire, a8 the type of the natural forces. 9) 

5. The single particles of bodies are: held togetler by 
@ power called cohesion It is steongetsiit bllceai 
weakest in acriform substances, 

6. This force is weakened by heat, » vstrengtheand jhy! 
cooling; bodies are expanded by heat, and the single 
particles are removed from each other; by cooling, om 
the contrary, they are again contracted into m smaller 


space. vl] 
7. Heat also changes the aggregate state-of bodies} 
it renders solid bodies liquid (melting), and liquid bod | 
ies acriform (evaporation, boiling), 
8 On cooling, gaseous bodies become: fliid (distil 
lation, rain), fluids become solid (hi froezing): 
9, On the melting and evaporation of solid and fluid | 
bodies, heat becomes combined or latent (production of 
cold); on the freezing of fluid and the ‘cond seseeena 
gaseous substances, 
heat). | 
410, All bodies contain, accordingly, latent heat, and 
the fluids always less than the gaseous, “| 
AL. Solid bodies also become fluid by: solution in @ 
liquid. If they separate again from such solutions Ine | 
regular form, they are said to be crystallized. “Movabbe 
ness and time are necessary for crystallization. . 
12, Gaseous bodies which on cooling easily Become | 
liquid, are called vapors; those which are converted 
into liquids with difficulty, or not at all; are eulleil 








gases. ee 

13, Cohesion of bodies can also be destroyed by ent. 
ting, breaking, &c.; hereby their form only is changed,) 
their original constitution remaining beeen ‘These 
are exterior or mechanical changes. ~ + 


il 
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23. Heat is evolved during almost all ‘chemical 
changes, and not unfrequently gives rise to the’ phe- 
nomenon of fire (combustion). 

24. What is ordinarily called combustion is a combi- 
nation of carbon or hydrogen with the oxygen of thé 
air, —an oxidation. 

25. To oxidize signifies to combine a body with ox 
ygen. The body combined with oxygen is generally 
called an oxide. 

26. ‘There are two different sorts of oxidation, acid 
and basic; the metalloids form with oxygen, by prefers 
ence, acids ; the metals, by preference, bases. 

27. Acids and bases have a very great affinity for 
cach other; when they combine together, the acid prop- 
erties of the former and the basic properties of the lat 
ter disappear (neutralization). The newly formed body 
is called a salt, 

28. The chemical elements are designated by the in 
itial letters of their Latin names (chemical symbols); | 
from the latter chemical formulas are coi 
which represent the constitution of the compound 
bodies. 


SECOND GROUP OF METALLOIDS: PYROGENS 


BRIMSTONE, SULPHUR (5). 
AL Wie= 200.—Sp. Gr. 2.0, 


123. Suurnvn, an article very familiarly known, 
which, on account of its casy combustibility, is em- 
ployed in the manufacture of matches, &c., hns nei 
ther taste nor smell. It hag no faste, since it is not 
soluble in water. When we throw some flower: of 
sulphur into cold or hot water, it is not dissolved. We _ 


ail 
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If the sulphur is allowed to cool quietly, without de- 
canting the liquid portion, this also will become solid, and 
such a dense mass of crystals will be formed, that there 
will be no vacant space between them. ‘This mae, on, 
being fractured, presents a glistening appearance; owing: 
to the reflection of light from the surfaces of the minute 
crystal, Such a body is said to be crystalline, or to 
have a erystalline structure, 

126. In different parts of the world, particularly in 
yoleanie countries, Inge beds of sulphur (mative sub 
phur) are not unfrequently found, and, in these beds 
fissures and cavities studded with the most beantiful 
crystals, which required, perhaps, centuries ee 
mation. These native crystals have a very di 

fg form from those artificially prepared. ‘They 













an neute octahedron, because contained wider 
cight acute triangles. Thus sulphur, { 
// bon in damon So ee ae "| 


assure a still different state. Heat a test-tube, 
ran Cd by means of a wire twisted rom 
it, and filled with powdered sulpti 
over a spirit-lamp; on fusing, the 
phur runs together, eo that it only 
fills the tube. ‘The eulphur first 
comes thin, like water, but on he 
heating it becomes brown, and 
thick and viscid that the tube may 
inverted without the eulphur 
out, Thrown into water 
this condition, it forma a transparent, soft, clastic 
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it would gradually become so hot that the sulphur 
swould pass over asa fluid, and on this principle native 
sniphur is purified on a large scale, The earthy im- 
purities, not being volatile, remain behind while the 
sulphor is distilled over, and again condensed. The 
melted sulphur is commonly poured into moistened 
awooden moulds, and is then called 

129, Experiment. —Fill a test-tabe half fall of soap 
boiler’s lye; add to it as mach flowers of sulphuras can 
be taken up on the point of a knife, and boil the mixture 
for some time; a part of the sulphur will be dissolved, | 
imparting to the liquid a yellowish-brown color. ‘The 
clear liquid is now decanted, diluted with water, and 
vinegar added to it; it will immediately assume a milly 
appearance, owing to the separation of the sulphur in 
the form of an exceedingly fine powder, which is #@ 
light that a considerable time must elapse before 
subside, Collect the powder on a filter, wash it 
water, and dry it ata gentle heat. [tis 
sulphur, or precipitated sulphur, and is sulphar 
finest state of subdivision, caused by the 
each of its particles by the water. . Precipitated 
has a pale yellowish tint, but on being melted) 
comes distinctly yellow, owing to the union of the: 
particles into a larger mass, ‘This method is 
employed in chemistry to convert solid substances int 
the finest powder. Such substances thus 
fine powder are not unfrequently amorphous, = 

‘The solution of sulphur in lye is more complex: 
that of sugar or of salt in water; as several 
iar combinations of sulphur with the component: 
of water are formed at the same time, One of 
sulphuretted hydrogen (H.8), is gaseous, and 
the offensive smell which is emitted on the 
























= expose a very thin copper plate to the 
U2 brownish vapor; the copper will, glow 


color and flexibility, become gray and 

brittle, and weigh one quarter more 

than before. The newly-formed gray 

crystalline body is called sulphuret of 

ly combined, and in fixed proportions, 

‘The properties of the sulphar, as well 
az of the copper, have entirely disappeared. ‘The great 
heat produced is a consequence of the chemical combi 
nation, since, in accordance with a law of nature, heat 
is evolved wherever bodies chemically combine with 
ipa mei ak dei caoa co sea th be cana 
to actual glowing or combustion. 

Ina similar manner almost all other 
converted into sulphur metals. We find many of 
these, however, already formed in the earthy and mine 
ers call them glance, blende, or pyrites. The pyrite 
having the lustre of brass, and found in almost all pit 
coal, is sulphuret of iron; red cinnabar is snipbumt 
of mercury, &e. The sulphuret of copper, artificially 
eepereds<ahove, oocars/ale0.59-<S0ns Sea 
called copper pyrites. 

Experiment. Mix three foratha.of x ooncetek aa 
filings, half an ounce of flowers of sulphur, and ot 
fourth of an ounce of wator, in a small vessel, and pat 
it in a warm place; the mass becomes heated, the we 
ter evaporates, and in half an hour a black powder will 
be obtained, in which no particles of irom or of\ sulphur 
will be. perceived; a chemical compound, 
tron, is formed. If the two substances be mixed. 
without water, no combination will take | 
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Introduce the longer limb of the tube into m bottle 
filled with cold water. The atmos 
Sadie pheric air contained in the flask | 
and tube first passes 
by a very offensive 
solves in the water, to: 
wise imparts its | 
eges. ‘This gas fx 
hydrogen. The decomposition in this case is similar to 
that ciiected in the preparation of hydrogen from iron 
(§81). Water is decomposed, its oxygen unites with the 













the stilphur contained in the sulphuret of 
light, gascous hydrogen possesses in a great degree the 
power of rendering other bodies aerifonn on uniting witk 
them, even those which are not’ volatile or have buy 
slight tendency to become 86; just a an eloquent 
speaker can communicate his enthusiaém to a heny 
and indifferentandience. Even carbon, which has ner 
been liquefied, is converted into a light gas when ox 
bined with hydrogen, as in illuminating gas. 

When the disengagement of the gas ceases, add some Jy 
dilnted sulphuric acid that the gas may again be gear 
ated. The water is known to be saturated with the gis 
when, on shaking the bottle, the finger by which tht 
opening is closed ix no longer sucked in, or, more ei 
rectly speaking, pressed in; one measure of water: 
iains two and a half measures of gus ina satutated 



















bine with the sulphur, forming a dark sulphur motal, 

whilst the hydrogen escapes; the iron,.on theycontrary, 

undergoes no change, Pb is the symbol for lead, 

plambum. - 
Experiment b,— Putinto one test-tube 





ately black, an exchange of elements takes: 
the hydrosulphuric acid gives its eulphar to ithe! 
of the litharge, and receives in return the oxygen of 
the latter, Accordingly, sulphuret of lead and wal 
are formed, and the offensive odor disappeam. 
vessel containing the iron-rust neither the color n 
smell is affected, —a proof that-no chemical change has 
taken place. 

¢.— Repeat the same experiment with © 
small crystal of sugar of Jead instead of the lithange, 
some green vitriol instead of the iron-rost, tog 
with a few drops of vinegar, these salts having been| 
viously dissolved in a large quantity of water; | 
sult will be the same as in the former experiment. 
gur of lead is the acctate of the oxide of lead} 4 





sulphuretted hydrogen be passed through a solution of 
acetate of copper, sulphuret of copper will be precipi« 
tated, and can be separated by filtration from the acid. 
Anse screed not posed a a aaa 
ret of antimony has an orange-red color, sulphuret of 
arsenic a yellow, and sulphuret of zinc a white « 
On this is partly based the application of sulph 

~ hydrogen as a re-agent, that is, as a means of detecting 
many metal, Wine containing lead is blackened: by 
bydrosulphuric acid, which for this aia 
Hahnemann's wine-test. 

¢.) Many metals are precipitated from their solutions 
by the addition merely of eulphuretted hydrogen, as 
salphurets; for example, copper, silver, gold lead, men 
cory, tin, antimony, and arsenic (these are 
tro-negative bodies); and others are not 
until a stronger basc is added ; for example, 
manganese, cobalt, and nickel (these are called electre 
positive). Sulphuretted hydrogen may accordingly be 
used to separate one class of metals from another; it is 
‘therefore an important means of separation in analyt 
ical chemistry. 

194. Hydrosulphuric acid has, as already ber 
the formula H 8, which indicates that it is composed of 
one atom of hydrogen and one of sulphur, and the simi: 
larity of this formula tp that of water, H O, is apparent 

135, It is well known, that during the decomposition 
of animal substances, blood, flesh, bair, urine, exerementy 
white and yolk of eggs, &., a putrid odor is evolved; 
this is owing to sulphuretted hydrogen, which is formed 
from the small quantity of sulphur contained in many 
Animal enbstances, and from the hydrogen of the water, 
and is diffused in a gaseous form in the air. It will no 
longer appear strange that copper vessels, if exposed 40 








‘in summer-time, or by the heat of the 

Hence it must be kept, and also cut, ander water, 
being taken from the water it should be held by a p 
of forceps, or be stuck on the point of a knife. 
dence also would dictate to experiment with small qt 
tities only ata time, and to have a vessel of 
readiness, in which it may be quenched in case it) 
cateh fire. 

139, soo tera! isp d 
sulphur, but it has an incomparably more it 
perament. Sulphur may be regarded as the ph 






yellow, and coated over with a hydrated " te ¢ 
Phosphorus is insoluble in water, but soluble in 
aleohol, sulpharet of carbon, and oils. 
140. Eeperiments with Phosphorus. 
Experiment a.— Put into « small as ak a 
ofan ounce of ether, then a piece of phosphorus, 
tize of a pea. Cork the flask and let it stand’ w¢ 
days, frequently shaking it. Decant the liquid 
tains {n solution about one grain of Phosphorus, and 
will serve for the following experiments. 
Experiment b.— Pour some drops of this solution 
upon the hand, and rub them quickly together; the 
cther will evaporate in a few moments, but the plioe 
phorus will remain upon the hands in a state of me 
nuteat division. The more finely it is divided, so much 
the more easily does it combine with the oxygen of the 
air. Daring this combination it diffuses a white smake 
and a strong light (it phosphoresces), causing the hands 


























per, 
soot or pulverized charcoal ; it melts after a while, and 
spontancoualy inflames. ‘The finely pulverized charcoal 
causes this combustion, owing to ite porosity. It 
eagerly absorbs oxygen from the air, imparts it again to 
the phosphoros, and, being also a non-conductor, the 
cooling of it is prevented, 

JAL, Phosphoras is aleo easily ignited by friction, and 
ig, for this reason, employed in the manufacture of frie 
tion-matches, The combustible mass consists of phos 
phorus intimately kneaded with mnueilage or glue” 
Bat as the mass, becoming hard on drying, would: poe 
vent the admission of air to the phosphorus, there must 
be added some substance rich in oxygen, as black om 
ido of manganeso, nite, oF re-ler romn) wit 
phosphorus can abstract the oxygen n 
ignition. A temperature of 65—70° Cis 
kindling matehes ($113); in this cuse the t 
is caused by friction. The coating of the mateh | 
broken and kindled, and the continued burning is. 
maintained by the oxygen of the air, 

Pes. 
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‘The lime ia removed by sulphuric acid. Sulphate 

of lime is formed. 
The oxgyen (O,) is expelled by Jgolting 
Phosphoric the bones with ¢hurcoal (carbonic 
acid. gas is disengaged). 
Phosphorus (P) remains behind. 

As phosphorus is volatile and highly inflammable, 
the phosphoric acid and charcoal are heated in a close 
vessel, commonly in an earthen retort, the beak of whick 
dips under water contained in the basin, where the 
vapor of phosphoras is to be condensed. ‘This process 
ig accordingly one of distillation. The carbonic oxide, 
together with some phosphuretted hydrogen and cat 
buretted hydrogen gas, escape through the water, 

Charcoal, at a glowing heat, has the power of ah 
stracting oxygen from almost all acids and bases, as in 
this case from phosphorus, of, chemically speaking, 1 
deoxidate or reduce them; thas carbonic oxide (C' 
which escapes, is formed from carbon and 
Almost all metals are obtained from native metallie 
oxides or ores, by heating thern with charcoal. < 









PHOSPHURETTED HYDROGEN (P H:)- 


145. Experiment. — Pat into an ounce flask « quar 
rex ter of an ounes a 
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ever, be formed, if the phosphorus abstmets the oxygen 
from the water. ‘This does take place and we ean say 
the lime urges on the phosphoras,— disposes it to de« 
compose the water, in order, as it were, to satisfy its 
own eagerness to unite with an acid. Thos is 

the name which this kind of affinity has received; it in 
called disposing affinity. This expresses an affine 
ity, an eager desire to combine with a body not yet 
existing, but which body may-Se formed from the ele 
ments present, and which és in reality formed in conse 
quence of this desire. ~ | 

4147. If we now reflect upon the processes of prepnir 
ing hydrogen (§ 84) ard sulphuretted hydrogen (9139) 
we shall see that in both of these instances a 
affinity is also exerted. But the impelling body, in 
these instances, is an acid,—the powerfal sulphurit 
acid. This acid has a strong desire to unite with 
a basé, and it urges the iron to convert itself into a 
base, whieh is readily accomplished when the iron com 
bines with the oxygen of the water, The ot 
ment of the water is thereby set free, and a 
gas, in the first case alone, in the second 
by sulphur, which the iron releases at the moment 
when ft combines with the oxygen, for which it hata 

nce. 

148. It may, perhaps, be asked why the ealpharie 
acid did not immediately combine with the 
iron, or the lime with the phosphoras; this ‘could set 
take place, as simple substances, with bul few 
combine only with simple ones, and compound 
compound substances. Hence the compound, 
acid, cannot combine with the simple element, 
can combine with the compound, protoxide of | 
Neither can the compound, lime, enter into: 



















sorb gases, and condense them within their pores; in 
many cases this is done so powerfully as to force the 
gases into chemical combination (spongy platinum, 
charcoal). 

5. An incomplete combustion or oxidation takes place 
when the supply of air is deficient; a slow combustion, 
when substances combine with oxygen at the common 
temperatures; bat a complete and rapid combustion, 
when the union takes place at a high temperature, and 
owith an abundant and constant supply of air. In the 
two former cases, lower degrees of oxidation are formed, 
and in the latter, higher degrees of oxidation, 

6. In chemical reactions the right of the strongest 
prevails; a stronger chemical substance can expel a 
‘weaker from its combination, and replace it, ‘This is 
called decomposition by simple elective affinity, 

7. Decomposition by double affinity takes place when 
two combinations mutually exchange elements. 

8 Ifa single or double elective aifinity is caused by 
the presence of a third body, commonly a.strong acid oF 
a strong base, it is called disposing agfinitys 

9. Deoxidate, the opposite of oxidate, is a term ap 
plied to the depriving compounds of their oxygen. 

10, In order to detect a chemical substance, and to | 
separate it from others, the solution of it is mixed with | 
reagents, that is, with such bodies as form with it an 
insoluble compound (precipitate), or change its eoloty 
smell, &e.; such changes are called reactions, 

LL. Taste is perceived only in soluble bodies, odor 

* only in volatile ones. 
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a few hours; while, by the old method of Inying 
‘on the grass in the sun, weeks, and even months, 


after the bleaching is om which is nm 80 ca 
done as many bleachers suppose. If this 

not observed, or if the chlorine water is too s 

in excess, then indeed, after the color is destroyed, | 
fibres of the yarn or fabric itself will be attacked. 
fault is not to be attributed to the chlorine, but 


trea ct 
health of the laborers is endangered by the use 0 
rine gas or chlorine water, chloride of lime 
substituted, a salt in which chlorine is chemically 
bined, but from which it may be easily di d 
mere exposure to the air, 

Experiment d.— Apply chlorine water 
and nauseous substances (water from flo 
nure, rotten eggs, &c.); the bad odor 
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chanically mixed together in the air, but in the ditric 
acid, on the contrary, they are chemically combined. 
This isa striking example how wonderfully the prop- 
erties of bodies change, when they chemically combine 
with each other. When mechanically mixed together, 
the constituents of nitric acid form a life-sustaining 
gas, while, when chemically combined, they form one 
of the most corrosive fluids, 

It might, perhaps, be supposed that nitric acid could | 
be formed more directly and simply from the air; but 
this cannot be done, because the inert nitrogen will not 
voluntarily combine with oxygen; this combination 
can only be effected by a circuitous method, which will 
be described hereafter, 

‘The strongest nitric acid contains in every pound two 
and a quarter ounces of water, or in each atom of acid 
one atom of water, without which latter it cannot exist; 
if this is withdrawn from it, it is resolved into oxygen 
and a lower oxygen-compound of nitrogen. Many 
other bodies, especially organic bodies, behave in a sim- 
ilar manner. This water has been called water of com 
stitution, denoting thereby that. it is indispensably neces 
sary to the constitution—to the existence—of the bod- 
ies referred to, The water of crystallization is neces 
sary only to the continuance of the form and shape of 
the crystals. The crude nitric acid of commerce, whick 
is commonly prepared in large iron cylinders, contains, 
perhaps, from 10 to 12 ounces of water in the pound; 
consequently it is three or four times weaker than the 
above. | 

160. Experiments with Nitric Acid. | 

Experiment e.— A. drop of nitric acid is softoieat sal 
acidify several spoonfuls of water, and even at a greater 
dilntion it will redden blne litrnus-paper; nitric acid is 
accordingly distinctly characterized as an acid. 


il 











2) Nitrous Acid (N O,). 

161. This acid is always produced as a 
secondary product from nitric acid, when this, as in the 
previous experiment, is employed for dissolving 
idizing metale or other substances. At the 






which at a very low tem may be condensed 
ablne liquid. As the inhalation of these vapors is 
jarious to the lungs, experiments performed with 
acid should always be done where there is a free circ 
lation of air. 

Fuming Nitric Acid.— Nitric acid will dissolve large 
quantities of nitrous acid fumes, and is thoreby com 
vorted into a reddish-yellow liquid, which in open ves 
sels gives off the same colored fumes. It is then called” 
fuming nitric acid (NO,-+NO,). On dilution with 
water it becomes, first green, then blue, and finally 
colorless, while the nitrous acid escapes. | 

3) Nitric Oxide (N O,). | 

162. Experiment.— Pour over a cent, placed in & | 
wide-monthed botile, a little water, and then add bp 
degrees some nitric acid, until a brisk effervescence ete 
sues, This effervescence is caused by the evolution of a 
gas, which must be collected in a jar of white glass 
over the pneumatic trough. It is called miiric oxide, and 
consists of two measures (1 at.) of nitrogen and two. 

me measures (2 at.) of oxys) 
gen. Close the mouth of 
the jar under water; it 
seems to be empty, for the) 
nitric oxide is. colorless; 
but if the jar be opencd, 
and air be carefally blown 
in, then the jar becomes 
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paper, and heat the place where itlies with alamp. Po- 
taseium is a metal very similar to sodium, and has, like 
that, an extraordinary affinity for oxygen; at the degree 
of heat produced by the lamp, it is enabled to withdraw 
the oxygen from the carbonic acid which passes over it 
This takes place, and oxide of potassium, or, mom | 
simply, potassa (KO), is formed, one of the strong- 
est bases, which immediately combines with a portion 
of the acid present, forming carbonate of potass 
‘This is colored black by the separation of carbon. If 
you put the test-tube, containing the black saline mass, 
into a widemonuthed flask, in which there is some waier, 
the carbonate of potassa will dissolve, but the carbon 
will float mechanically in the solution, and may be col 
lected on a filter. The liquid has a basic reaction, since 
the feeble carbonic acid is not able fully to neutralise 
the alkaline properties of so strong a base as potas 
The presence of carbonic acid is proved by the eller 
yescence produced on the addition of an acid. 

Carbonic acid consists of one atom of carbon end 
two atoma of oxygen, and has consequently the formula 
CO, By weight, then, 75 ounces or grins of carbon 
are united with 200 ounces or grains of oxygen; at 
cordingly, one atom of carbon is equal in weight to 7 
ounces, grains, &c. of carbon. 

167, Carbonic acid is everywhere unceasingly gene 
ated, and especially, — 

a.) In those regions of the earth where volcanoes me 
active, or probably were active in a former age. It it 
generated at the Grotto de! Cane, near Naples, —at Pyr 
mont, in Westphalia,—and in the neighbourhood of the 
Lake of Laache, &c,; and it oozes in a constant cur 
rent from various crevices in different parts of the earth 

») In all ordinary combustions, as bas already beet 

mentioned several times. 
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air, as their principal means of support, the carbonic acid 
exhaled, as useless, by men, 
and animals, and ehould 
yield oxygen to them in 
return. Plants inhale care 
bonic acid, and (during 
the day) exhale oxygen. 

2. Carbonic Oxide (CO) has already been treated 
of. (§ 110) 
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SULPHUR AND OXYGEN. 


1.) Sulphuric Acid (S Os). 

168. What iron is to the machinist, sulphuric acid is 
to the chemist. As the former makes out of iron, not 
only machinery of all sorta, but also instruments by 
which he can work up every other material, so. sulphae 
tic acid has also far usa double interest. It not only 
forms with the bases very important salts, but we eur | 
ploy it also as the most useful chemical means for pre 
ducing numerous other chemical eubstances and changes 
as has already been taught in the preparation of hydm 
gen, phosphorus, chlorine, nitric acid, carbonie acid, Ne 
Since it has come into general use for the cleaning of 
metallic implements, for the kindling of matches, and fo 
making blacking, &c., it is well known as a sharp, ef 
roeive finid, It stands, as it were, the Hercules among 
the acids, and by it we are able to overpower all other 
and expel them from their combinations. It occurs in 
commerce us 2 liquid only. ‘There are two sorts; 1) an 
oily furning liquid (Nordbausen sulphuric acid, or oll 
Vitriol); and 2) another somewhat thinner, and 10 
fuming, acid (common sulphuric acid), But it omy 
be obtained in a eolid and dry state in the following 
manner. 






























weight of sulphur (L atom) combines with 200 in 
weight of oxygen (2 atoms). ‘To convert this into 
sulphuric acid, it must be compelled to take op ane 
other 100 in weight of oxygen (Latom). ‘This is done 
by a body which is very rich in oxygen, and which like- 
wise readily parts with it, namely, by nitric acid. 
Experiment, — Fasten some bits of sulphur to an iron 
wire, inflame and hold them in a capaciows | 
re bottle containing a litthe water, until the 
blue sulphurous flame is extinguished; the 
bottle becomes filled with a white smoke, 
which ia recognized by its odor as 
ous acid. (§ 64.) If you now introduce a 
shaving moistened with nitric acid into 
vessel, reddish-yellow fumes will 
ately form around the wood, gradually filling the whole 
bottle. These fumes are nitrous acid, and their evolu 
tion indicates that the sulphurous acid has withdrawn 
oxygen from the nitric acid, and has been oxidized ant 
converted into sulphuric acid. After some time the 
flask becomes clear again, because the vapor of the el 
phuric acid formed sinks to the bottom, and dissolves in 
the water, and we can now once more burn 
the bottle. If we repeat this operation several timey 
wwe can soon prepare a few ounces of diluted sulphune 
acid. 














—Add some drops of a solution of & 
salt of barium (chloride of barium) to a portion of the 
acid liquid just obtained ; a strong white 

formed, which disappears neither by boiling, nor by the 
addition of water, nor by nitric acid, This precipitate 
is sulphate of baryta, a salt quite ineoluble in water apd 
acids, Add one drop of the diluted acid to a wineglise 
‘ful! of water, and add to this a solution of barium; ever 
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This steam, together with the sulphuric acid forined, 
condenses on the cold walls, and collects on the floor: 
of the chambers as an acid liquid, "The annexed figure 
tends to elucidate this process. 








By means of this remarkable property of nitric oxide, 
it has become possible, with an ounce of nitric acid, to 
obtain from 10 ounces of sulphur 30 ounces of concen 
trated common sulphuric acid. If the three atoms of 
oxygen released from the nitric acid were all the oxy 
gen that operated, we should require more than 29 





ounces of nitric neid to prepare 30 ounces of sulphmtie 
acid, ‘There are now some laboratories for the manu 
facture of sulphuric acid, of such colossal size, that they 
are able to deliver daily several hundred quintals of 
prepared acid. The dilated acid formed in the leaden 
chambers requires still to be evaporated down nearly 
one half, in order to convert itinto common concentrated 
sulphuric acid. This evaporation is commenced in 
Jeaden vessels, and finished in glass or platinum 1 
torts. ‘The water, being more volatile, escapes, and 
carries off with it only a small portion of the acid. 
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with the evolution of strong heat. For this reason, when 
sulphuric acid comes in contact with the skin, it should 
first be wiped off with dry paper or cloth, and thea be 
immediately washed with a great quantity of water 
If 50 measures of sulphuric acid are mixed with 50 
measures of water, we do not obtain 100 measures 
but only 97 measures, of liquid; consequently a com 
traction or condensation has occurred, which conden: 
sation is always attended with the liberation of heat 

Experiment d,— Pulverize a small quantity of indign, 
and form a thin paste of it with fuming sulphuric acid, 
After a few days add to it some water, and you obtains 
deep blue liquid, — solution of indigo. “With this sola 
tion wool may be dyed of a fine blue color (Saxon-blue}. 
Common sulphuric acid dissolves indigo only bope* 
fectly. Indigo, although a vegetable substance, is not 
carbonized by sulpburic acid, thus forming an exeeption 
to the general rule. 

Experiment ¢.—¥, during the winter season, you 
place one vessel containing fuming sulphuric acid, asd 
another containing the cornmon acid, in a cold plas 
the stronger oil of vitriol will freeze at 0° C., but the 
weaker common sulphuric acid will not freeze until 
the temperature falls to —34° CG. 

Experiment f.— Dissolve half an onnee of the soda 
of the shops in warm water, and neutralize with dilale 
sulphuric acid; evaporate until a film forms over the | 
surface, when, on cooling, prismatic crystals will be d& | 
posited ; they poascss a bitter saline taste, and are easily | 
soluble in water. The common soda of the shops i 
carbonate of soda (Na O, CO,); the carbonic cid is | 
displaced by the stronger sulphuric acid, and 
with effervescence, but sulphate of soda (Glanber 
remains bebind in the Tiquid. Almost all spring-watet 
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that, in this experiment, hydrogen escapes, and sul- 
phate of iron remaina in solution. The iron becomes 
protoxide of iron, not through the oxygen of the acid, 
but through thatof the water, Zinc and tin comport 
themeclves in the same manner, Consequently, diluted 
acid must be employed for dissolving euch metala 
But there are also metals which dissolve only in 
stronger acid, for instance, copper, silver, &e.; this will 
be treated of more fully under sulphurous acid, 

Experiment k.—If a meadow or field be irrigated 
with one pound of sulphuric acid, diluted with 1000 
pounds of water, the soil will be rendered more fertile 
and productive. ‘The reason is, that the sulphuric acid 
decomposes and renders soluble several kinds of earthy 
whereby soluble sulphates are formed, which are ab- 
sorbed by the plants, and accelerate their growth. Sule 
phuric acid, if only 100 times diluted, has the contrary 
effect, and may serve for destroying grass and weeds 
in alleys, &c, 

2) Sulphurous Acid (S O,). 

174. Tiffs suffocating gas is formed, not only by the 
combustion of sulphur, but may also be prepared from 
sulphuric acid, by depriving this acid of one atom of 
oxygen. 

Experiment. — Put into a flask (ace Fig. 93) half am 
ounce of copper filings, and two ounces of common suk 
phuric acid, and conduct the gas ($ O,), as it escapes, into 
a four-ounce bottle filled with water (for the precaution 
to be taken, we § 92); the gas will be absorbed by the 
water in great quantities, and will impart to it an add 
taste and a suffocating odor, like that of burning suk 
phur, One measure of water dissolves about forty 
measures of sulphurous acid. When the gas ceases te 
be absorbed by the water, substitute a flask filled with 
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insoluble in water, Nitrate of silver is the most accu- 
tate test for muriatic acid and its salts, 

If muriatic acid is diluted with from 800 to 900 parts 
of water, and is poured upon land, it exhibits a fertilize 
ing power, like that of sulphuric acid (§ 178). 

187. Haloid Salts. — Like chlorine, the other salt prow 
ducers, or halogens, also combine with metals it 
salts; these salts are called Aaloid salts, As has been 
zhown, they may be prepared, — 

1) By uniting a halogen with a metal (§ 156). 

2) By uniting a halogen with a metallic oxide (§ 162). 

8.) By the solution of a metal in a hydrogen acid 
(§ 188). 

4,) By the solution of a metallic oxide in a hydrogem: 
acid (§ 186). 

If the two last-mentioned instances be attentively 
considered, it may, perhaps, appear surprising why it 
owas not assumed that muriatic acid combined with the 
base without further decomposition, just as it was as 
sumed with regard to sulphuric acid, and the other oxy- 
gen acids. This cannot gencrally happen, because 
many of the haloid salts, when they are quite dry, con 
tain noither oxygen nor hydrogen. Completely dried 
common salt, for example, contains no hydrochloric acid, 
but chlorine,—no oxide of sodium, but sodium, —s 
has been ascertained by the most accurate: 

But if the haloid salts contain water, or are dissolved im 
water, then they may certainly be regarded a3 consist- 
ing of a base and a hydrogen acid, for it amounts to the 
same thing, whether the hydrogen exists in the water or 
in the hydrogen acid, the oxygen in the water or in the 
metallic oxide, A solution of salt may accordingly be 
regarded as chloride of sodiam and water, or as muriate 
of soda. (NaCl -+- HO is the same as Na O, HCL) | 
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conducted into wnter, or alcohol, by which it is ab- 
sorbed. It is colorless, like water, and it is easily recog 
nized by its peculiarly oppressive odor, which is very 
similar to that of bitter almonds, Such a dangerous ar 
ticle should only be prepared by experienced workmen. 
Prussic acid is found also in small quantities in some 
seeds, particularly in bitter almonds, and in the kernels 
of stone fruits, a8 plums, apricots, &e. 

Prussic acid combines with bases, forming water and 
metallic cyanides (protocyanides and percyanides). ‘The 
most familiar of these are the yellow ferrocyanide of 
potassium (prassiate of potassa), and the blue ferrocy- 
anide of iron (prussian blue). 


RETROSPECT OF THE HYDROGEN ACIDS. 


1. The haloids or halogens — chlorine, bromine, fo- 
dine, fluorine, and cyanogen — form avids, not only 
with oxygen, but also with hydrogen. 

2, The halogens have a greater preference for Agidro- 
gen than for oxygen; hence, when left to their own free 
will, they always combine with the former. 

3, Hydrogen unites with the halogens only in one 
Proportion ; consequently, each of them forms only one 
single hydrogen acid. 

4. All the hydrogen acids have the same constitution; 
they always consist of equal atoms of a halogen and 
hydrogen. 

6, The hydrogen acids combine with metals, forming 
chlorides, bromides, &c., whilst their by 

6. The combinations of the halogens with the metals 
possess exactly the properties of salts; for this reason 
they are called halotd salts, 

7. The hydrogen acids combine with the bases, form 

ing haloid salts and water. 














of water; consequently the acid 
contains oxygen and hydrogen. 
The dark residue resembles coal, 
but it is more certainly deter 
mined as such by its burning completely at a higher 
heat. Accordingly, tartaric acid has, when heated, 
the greatest similarity to burning wood. In faet, it 
consists of the same elements, namely, carbon, hydrogen, 
und oxygen, but in different proportions: Al vegetable 
acids consist of ©, 1, and O, and are charred and com 
sumed on being heated. By these two charucteristics 
the organic acids aro essentially distinguished from the 
inorganic, which consist only of two elements, and 
which are neither charred nor consumed in the fire. 
Experiment. — Pour alittle warm water over some fur 
taric acid; it will dissolve therein, for it is readily soluble 
in water. If you dilute the solution with more water, 
and put it aside in a moderately warm place, slimy flakes 
will be deposited, and the acid taste will gradually be 
lost,—it putrefies. Ina similar manner, all organic acids, 
when they are dilnted with water, decomposeafter a time. 
Experiment.— Mix gradually a solution of tartaric 
acid with ammonia; there will be a period when the 
acid properties of the tartaric acid and the’ basic ones 
of the ammonia will have disappeared. Accordingly, 
tartaric acid, just like other ncids, can neutralize bases, 
and form with them salts. ‘The tartrate of ammonia 
obtained is easily soluble. 
Experiment, — Neutralize « solution of carbonate of 
potassa with a solution of tartaric acid; the carbonic 
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Experiment.—If you heat the crystalline powder of 
tartar, obtained in the former experiment, on platinum | 
foil, it will, like the tartaric acid, become black, and is 
consumed, emitting an empyreumstic odor; but there 
will, however, finally remain a white powder, which 
has an alkaline taste, a basic reaction, and which, om 
the addition of an acid, will effervesce like carbonate of 

* potassa, Theacid burns up, but not the alkali; on the 
combustion of the acid, carbonic acid is formed, whieh 
combines with the potasea; consequently, carbonate of 
potnasn is formed. All salts of the alkalies, or alkuline 
earths, with an organic acid, are in the same way de- 
composed by heat, and converted into carbonates, 

195. We ean decompose sulphuric acid into sulphur 
and oxygen; and from sulphur and oxygen we can 
again reproduce sulphuric acid. Not so, however, with 
tartaric acid; we may succeed in demolishing it, but 
it is beyond our power to reproduce it again. We can 
not artificially produce the organic acids from their ele- 
ments. We are still ignorant how they are formed in 
plants and animals. All that is known on this point 
concerning the vegetable acids is, that they are formed 
from carbonic acid and water, the two chief sources of 
the nourishment of vegetables. But by what power, 
and in whot manner, these two bodies are foreed to 
combine in the grape-vine to form tartaric acid, in the 
fruit of the lemon-tree to form citric acid, in apples to 
form malic acid, &e, we are entirely ignorant. We 
here stand, 5 it were, on the boundary line of our 
knowledge; whether it will be permitied to us at some 
fature period to advance beyond this limit, further invex= 
tigations must show. In the mean time we must as- 
sume that the unknown power which causes the shoots, 
Jeaves, and blossoms to put forth from the seeds,— we 
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open tube, and burns, when kindled, with a bluish 
flame; this is carbonic oxide gas (CO). When the 
evolution of the gas ceases, there will be found in the 
first test-tube common sulphuric acid; consequently, 
the faring oil of vitriol has received water, namely, the 
chemically combined water contained in the oxalie acid. 
‘The oxalic acid, when it loses its water, is resolved into: 
the two gases just mentioned; it may, accordingly, be 
regurded ag a combination of 

1 atom CO, 

and I atom CO, 

or €,0, 

On comparing this constitution with that of sugar, 
it will be seen that the sugar contains still more carbon 
than the oxalic acid, besides some hydrogen; comse- 
quently a portion of its carbon, and all its hydro- 
gen, must have been withdrawn. This was done by 
the oxygen of the nitric acid, which oxygen, uniting 
with the carbon, formed carbonic acid, and with the 
hydrogen, formed water. ‘This process may be regard- 
ed as a combustion (oxidation) in the moist way. Suge 
ur has exactly the same constituents as wood. If 
a wood-shaving be ignited, at first the hydrogen princi- 
pally burns, because it is very readily combustible; at 
last principally the carbon, because this burns with 
more difficulty (§ 120). The eame suecession of phe- 
nomena also takes place on the boiling of sugar with 
nitric acid; the hydrogen is at first: principally oxidized, 
and afterwards the carbon; but the latter only 
on account of the insufficient supply of nitric acid, just 
as wood is only partially consumed when there is a de~ 
ficiency in the supply of the air. ‘The partly consumed 
wood (charcoal) burns completely if we heat it still 
Jonger in the air; it is converted into carbonic acid by 
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of oxalic acid is poured upon this solution of gypsum 
you will soon obtain a precipitate of oxalate of lime] 
consequently oxalic acid 
has a greater affinity fol 
Told }ime than sulphuric 
has, since it-is able 
displace the latter acid) 
'The decomposition 
place more rapidly and perfectly when the oxalic 
has been previously neutralized by ammonia (N 
because another bodf 
is thus presented 
the sulphurie cid, for 
which the ‘latter 
‘a greater affinity 
for the water; it 
comes thereby more ready, as it were, to release 
lime, Ovxalic acid ia the best test for lime and lime: 

e.— Add some spoonfuls of water to 
piece of green vitriol of the size of # pea, and rm 
with the solution a piece of white blotting-paper; 
this has imbibed the liquid, spread over it some 
nia. The ammonia withdraws the sulphuric acid | 
the green vitriol, and protoxide of irori must cone 
quently be separated in and upon the paper, to which 
it imparts a greenish tinge. On drying, the protoxiit 
of fron becomes converted into sesquioxide of inom 
and the green color is at the same time changed 
yellow. In a similar manner, cotton, and other fab 
rics, are often dyed brown or yellow. Mix some oxalil 
acid with water into a thin paste, and dot the yellow 
paper with it in several places; the color will soon dia 
appear from those spots, and you obtain a white patten 
on yellow ground. Oxalic acid easily dissolves ee! 
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hours, in a warm place, stirring it frequently, 
liquid will become clear on standing, and then if y 
evaporate it down to two and a half or three 
and let it coal, prismatic crystals of acrtate of 
Tead will be deposited. This’ salt is commonly 
sugar of lead from its aweetish taste. ‘The acetir 
held go firmly by the oxide of Jead, that it ean no 
escape with the steam during evaporation, or at) 
only in trifling quantities. Other bases may be 
tuted for the oxide of lead. 

Experiment. — Place upon a piece of charcond 
sugar of lead, and heat before the blow-pipe; the 
first melts in its water of crystallization, then it becomet 


of tartaric acid. After being completely burnt, globules 
of metallic lead remain upon the coal. ‘The litharge it 
also decomposed ; the glowing coal abstracts from it its 
oxygen, and forms with it carbonic oxide gas, which 
escapes; consequently metallic lead must remain bebind 
(reduction or deoxidation). 

Experiment. — Mix cautiously half an ounce of sal- 


























203. Oxide of Potassium, or Potassa (KO). 
If you withdraw the carbonic acid from the potash, 
fotissa remains behind. 

— Place half an ounce of quicklige in a 

(lite; drench it with warn water, and let it stand until 

— it is slaked, that is, until it be- 

a. comes a fine dusty powder. Then 

put half an ounce of potash into 

an iron basin with six ounces of 

water, and boil it, and gradually 

i. add by spoonfals, during the boil- 

Ww ing, half of the slaked lime. After 

the mixture has boiled for some 

4 puta teaspoonful of it upon a paper filter, and 

the filtrate into vinegar. If it effervesces, still 

fre lime must be added; but if no effervescence ene 

pour the whole into bottle, close it up, and let it 

m liet for some hours, that the sediment muy 

, Decant the clear liquor, and preserve it in a 

oppered bottle, It consists of water in which 

i Wiesolved; and is called sokition of caustic po- 

lye. The carbonic acid previously combined 

= with the potassa has 

daring the boiling pass 

ed to the lime, as may 

easily be seen by the 

effervescence which en- 

e ee Pictscia tiher eta is poured on 

s nt of lime. From the lime, carbonate 

d, but potassa from the earbonate of 

er iptaats of lime is insoluble, and is 

‘a white powder; the potassa is soluble, 
with the water preaent. 
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the solution, the dis- 
Yous agreeable smell of 

sulphuretted hydrogen 
wii, will be given off, just 

asin the case of liver 
of enlphur (} 215). If you now Ict the liquid evapo- 
Tate on a giass plate, you obtain, in the former case, 
renal cubes of common salt, and in the latter, a pul- 
vwrulent incrustation of Glauber salts. 


220, Carbonate of Soda (Na O, CO, + 10 HO). 
Experiment. — Prepare some more sulphuret of sodi- 
jun in the manner just described, rub it in a mortar 
‘ith the adhering particles of charcoal and with about 
ite own weight of chalk, and ignite it again before 
the blow-pipe. Boil the baked saline mass in water, 
and then filter the liquid. A gray powder remains 
Tehind, which, when drenched with moriatie acid, 
olves sulphuretied hydrogen; it is sulphuret of cal- 
Gum. The liquid, after being evaporated on a shallow 
dish, leaves behind a white powder, which has an 
‘alkaline reaction and effervesces with muriatic acid, 
fat Seteiont emitting any disagreeable odor; it is 
carbonate of soda. The 

Sit’? sulphur has thus passed 
to the calcium of the 
chalk, while the oxygen 
and the carbonic acid 
to the sodinm. By these 

be seen that, ax in the daily affairs 
» We ean often obtain indi- 
ot be gained directly, So- 
stronger alfinity for chlorine than for oxy- 
















































common salt; but by means of sulphuric acid we can 
easily convert the baloid salt into an oxy-ealt,—into 
sulphate of coda, '’he strong salpburic acid cannot be 
| directly expelled from thie; we therefore firet decomipoze 
| it into oxygen and sulphur, and afterwards remove the 
| sulphur by another metal, ealeium, which forma with 
| 





sulphur an insoluble compound. Soda is thus obtained, 
yet not ina free state, but as carbonate of soda; car 
bonic acid, however, is eo feeble an acid, that it may 
easily be expelled by another acid, or by caustic Lime. 
| As carbonate of soda possesses almost the same 
| properties as carbonate of potassa, and may be advane 
tageously employed instead of the latter in washing 
| and bleaching, and also in the manufacture of glast 
and soap, itis now manufactored on a large scale in 
| chemical worke, There are, in Germany, laboratories: 
| where from ten to twelve thousand quintals of soda ant 
aunually made. The process pursued is essentially the 





the ash-pit, p the chime 
ney, dd the hearth for 

~~ receiving the mixtury, f 
the aperture for throwing in the mixture, and gan open 
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acid, soda will remain behind. This is done by boiling 
a solution of soda with quieklime, in the same manner 
as was described under potassa ($203). The liquid 
thns obtained is called caustic soda lye, and yields, after 
‘evaporation, caustic soda, This contains, like caustic 
potassa, yet one atom of water, which it does not part 
‘with even when heated to redness; henee it has been 
more correctly called hydrate of soda (Na O, HO). 
‘The hydrate of soda has a corrosive action, forms soap 
with fat, and hard glass when melted with sand; it isa 
very strong base, like caustic potassa, for which it is 
often substituted in preference in the arts. 
222. Sodium (Na). 

On abstracting oxygen from the soda metallic sodium 
is obtained. This metal is prepared like potassium, 
which it greatly resembles, though it docs not act so 
violently upon other bodies, for instance, upon water 
Pat upon cold water, it oxidizes without flame, but put 
upon hot water, the escaping hydrogen ignites, and 
burns with a yellow flame. | 

We have now passed from the most widely diffased | 
common salt to the element sodium, treating each ose) 
in that succession which it is necessary to pursue in the | 
actual preparation of these substances. The following) 
summary statement may serve to fix them on the mem-| 
ory:— From common salt, or chloride of sodium, sal- 
phate of soda is prepared; from this, snlphuret of so-) 
dium; from this, carbonate of soda; then soda; and 
finally sodium. 

A few other salts of soda will now be considered, 


| 
223. Phosphate of Soda. 
Experiment. — Neutralize half an ounce of earbonate) 


& ail 
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Large districts of this salt are found in America, whence 
whole ship-loads of it are exported, under the name of 
Chili satpetre; and it is substituted for the more costly 
nitre in the manufacture of nitric acid and some of its 
salts, But it does not answer for making gunpowder, 
as the powder thus prepared becomes moist, and deto- 
nates too slowly. 


225, Biborate of Soda (Borax) (Na 0,2B 0, + 10 HO} 

The hard, colorless crystals commonly called boras, 
and generally covered with an efflorescent: powder, con 
sist of soda and boracic acid. Boracic acid, in the 
moist condition, is a feeble acid; therefore, lilke carbonié 
acid, it cannot entirely conceal the basic properties of 
soda; and borax has an alkaline taste, and colors ral 
jest-paper blue. Borax contains half its weight of war 
ter of crystallization, 

Experiment,— Heat some powdered borax upon & 
platinum wire before the blow-pipe; it will puff up and 
swell in its water of crystallization, and be eonyertal 
into a porous spongy mass; on being further heated, ft 
fuses to a transparent: bead. Moisten this bead with 
the tongue, apply it to litharge so that some of the lat 
ter may adhere to it, and again hold it in the exterior 
flame of the blow-pipe; the litharge is dissolved; the 
bead remains colorless and transparent. If you now 
substitute for the lithange other metallic oxides, you wil 
likewise observe that the oxides will dissolve, but thatat 
the same time the bead will be colored by them; namely, 
yellowish-red, by sesquioxide of iron and oxide of art 
mony; green, by the oxides of copper nad chromium; 
blue, by oxide of cobalt; violet, by a small portion ef 
oxide of manganese; and brownisi-black, by an exces 
of manganese. ‘The metallic oxides comport themselves 






























(hted taper; it is Aydroges. It comes from the 
If the hydrate of potassa, the oxygen of which - 
ae combines with the fron. 


[pimene 9.) Host Sky pralesct Iron Alleges and 
|S aden apr You 





iron abstracts from it 

Bae its second constituent, nitrogen, is thereby 
4, and escapes. 

triment.—3.) Unite the two former experiments 

into one, that is, heat 

eighty ‘grains of iron 

Youle filings at the same time 

with two grains of po- 

Ne  tasea_ and two grains 

of nitre, in an open 

rule test-tube: meither hy- 

I drogen nor nitrogen is 

|, but a combination of both in a gaseous form, 












red test-paper held over the test+ 
; consequenily, this new kind of gas 


churseter; we call it ammonia. 
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verted into carbonic acid, water, and ammonia; and 
from these three products of decay are reproduced all the 
innumerable plants which cover the surface of our earth 


Fig 127, 








Deut saunas and penta, Liring planin 


236. ‘The great resemblance of ammonia to potas 
and soda has long since given riee to the conjecture, that 
& metal might also be concealed in it, a3 well as in the 
potassa and soda. If a body —for instance, cyanogen— 
which comported itself exactly like a chemical element, 
like chlorine, could be generated from nitrogen and cae 
bon, go also it was possible that a body might be formed 
from nitrogen and hydrogen which should comport itself 
like a metal, like potassinm. Chemists have not pel 
succeeded in separating such a metal from arnmonia of 
its salts; nevertheless, the opinion is maintained by 
many of them, that such a metal does really exist, and 
consists of one atom of nitrogen and four atoms of hj 
drogen (NH,). They have called it ammonium; and, 
according to this view, regard hydrated ammonia 
(NH, ++ HO) as oxide of ammonium (NH, O), sau 
rinte of ammonia (N EH, 4+ HCl), as chloride of amme 
nium (NH, Cl), &c4 which amounts to the same thing, 
since the constitution of these two bodies is not changed, 
whether the hydrogen is considered as belonging to the 
water or to the muriatic acid, or as combined with the 
ammon 

A compound of one atom of nitrogen and two atoms 

of hydrogen (NH,) has been called amie, 
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to pour the contents of the flask in 
graduated glass cylinder, and d 
by measure the lime which soon 
the bottom. You previously i 
the weight of a degree of lime, once 

all, by dissolving 4, 6, 8, 10, &c., grains a 
chalk in diluted muriatic acid, i 
them by carbonate of ammonia, and 
marking the space oceupied by the | 
cipitate in the graduated cylinder. 
have more liquid than the cylinder: 

you may cither evaporate the liqn 





‘when the soil contains not only lime, but also alu 
since this is partially precipitated at the same: 
with the carbonate of lime. ‘ 

These two simple tests, the mechanical and te 
chemical, deserve to be more frequently employed 
the farmer than they actually are; indeed, by T 
them, and without any costly apparatus or much 
pense of time; he can make himaelf snffick 
quainted with the most important constituents: 
different soils. 















Earthen- Ware. 


257. The plastic property of clay, together 
of hardening by heat, renders it peculiarly 
the manufacture of earthenware. The clay, 
‘been more or less purified by clutriation and ki 
is either fashioned by the hand upon the po 





or formed by pressure in moulds into articles of 
shapes; these are first dried in the air, and then & 
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be employed for staining and ornamenting the differ 
isinds of pottery. 

Composition of Clay. 
258. Experiment. — Dry thoroughly a piece ohm 
clay, and expose it for some hours to a powerful hy 
which is most easily done dn the hearth of a heal 
even; then rub two ounces of it to a powder in a p 
cclain bowl with one ounce of sulphuric acid; pi 
upon the mixture one ounce of water, and let it rem} 
some weeks in a warm place, Frequently stir | 
mass during this time with a glass rod. Finally, dil) 
it with six ounces of boiling water, and strain it throg 
linen, The residue on the latter consists princi 
silicic acid, but a base called alumina (Al, O,) | 
dissolved in the liquid. 

Clay is, accordingly, an insoluble 
alumina, Before the clay is heated, the = 
holds on #0 firmly to the base that the 
not able to expel it; but it can do this 
has been moderately heated. All clay 
contains, besides ailicate of alumina, variable 
of ailicates of potassa, soda, lime, &, whieh 
likewise rendered dissolvible by burning the clay, | 
these alkalies, as well as to the greater porosity of | 
heated clay, it is to be attributed that a heavy 
soil, which is impervious to the air, is converted: 
by burning into very fertile arable land, and that 
(slightly) burnt bricks yield a very efficient 
manure. 


Sulphate of Alumina (Al, O,, 380, +18 W 


259. Experiment.— Evaporate the liquid o} 
the former experiment till only one and a half 
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thereby acquires a more brilliant red color. Now add 
to it a solution of carbonate of potassa or of soda,. 
long 8 any precipitate is produced; this precipitate 
is of & fine red color, and, when dried, constitutes: 
Brazil-wood lake of commerce. In a similar manner 
colored precipitates (Jakes) are obtained from other Yes: 
etable coloring-substances. ‘This example serves 9 
show the powerful alfraction which alumina has for 
coloring: maiter, Almost all colors of the antral anil 
yegetable kingdom may be precipitated by alumina 
from their solutions, which accounts for the great: 
portance of the alamina salts in dyeing and cali¢o 
printing. For this purpose the acelale of alumina 
very frequently substituted for alam, becanse the feeble 
acetic acid more readily leaves the alumina than # 
strong sulphuric acid does. Tt is obtained by mix 
together a solution of acctate of lead and sulp a 
alumina (or alum), whereby, by double elective ty 
soluble acetate of alumina (alum mordant) and 
sulphate of lead are formed. 

Experiment d.— Moisten 2 piece of alum (or elay 0 
alumina) with a drop of a solution of nitrate of cotaly 
and heat it before the blow-pipe; the nitric seid is 
driven off, but the oxide of cobalt which remain 
hind imparts a beautiful blue color to the comp 
alamina. This fact is frequently taken ad 
of as very accurate means of detecting alumina. 

a similar process, a valuable and very beautifa 
pigment is prepared, called smalts, < 

Another splendid blue pigment, ultramaring, has 
made within a few yenrs, by heating to redness: 
ture of alumina, sulphuret of sodium, and a 
iron. This pigment must be carefull om | 
tact with acids, as they would evolve from it: 

~_ retted hydrogen, and destroy the exer. 
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be OREMICAL PROPORTIONS. 


2. They never occur in nature as pure metals, neither 
‘as pare oxides (with the exception of alumina), but al- 
ways as salts, und ‘conatitate, together with lessee 
principal portion of our earth. 

3. Of all bodies, they have the greatest affinity for 
oxygen, and form with it oxides, which (with the exoep- 
tion of the earths) dissolve in water. 

4, The oxides of the metals of the alkalies, and of 
the alkaline carths, are the strongest tee 
alkaline earths). 

5. On account of their great alinity Sergey 
preparation of the light metals is very difficult, since 
the combination between the metal and oxygen can 
only be destroyed in the strongest charcoal-fire, or by 
-the gulvanic current. Only potastium, sodium, and) 
alomioum are as yet accurately known. 

6. Until the year 1807 the alkalies and earths wert 
regarded as simple bodies ; but at that time the English 
chemist, Davy, succeeded in resolving them into metals 
and oxygen, by means of the galvanic current. 

7. Most of the light metals are able to decompect 
water, even at ordinary temperatures, and without the 
aid of an acid; that is, to withdraw from it the oxye 
gen, and consequently liberate the hydrogen. 


















LAWS OF CHEMICAL COMBINATION. — 


Burons proceeding to the consideration of the other 

metals, it will be well to revert to the laws of chemical” 
combination, often mentioned in the foregoing Page 
and to reduce them to a methodical system. 

267. Classification of Chemical Combinations. — As ine 













other clements combine with 100 parts by weight 
oxygen. Since these quantities, as will hereafter ape 
pear, are of great importance in chemistry, the mum 
‘bers representing those of the most common clemeatt 
are given, as follows: — “ 

100 ounces of oxygen, = O, combine with 





ment chemically combines with 100 parts of oxygen 
Tf we now wish to ascertain the composition of pe 
tassa, or of oxide of mercury, we have only to refer t 
the table, and we find, that in potassa 489 ounces of 
parts of potazeium combine with 100 ounces or part 
of oxygen, and that in the oxide of mercury, 1200) 


ounces of it unite with the same quantity of oxygen 
that 1250 ounces of mercury do. 








ounces of fron have the same chemical value as 489 
ounces of potussium, or 1250 ounces of mercury. 
‘This is the reason why these numbers are likewise 
termed equivalents (from cquus, equal, and valor, 
yaluc). ‘Thus, by one equivalent of oxygen is to be 
understood 100 parts of it by weight; by one equivalent | 
of iron, 350 parts by weight; and by one equivalent of 
mercury, 1250 parts by weight, &e. 

271. The same law of’ equivalent proportion applies 
also to the chemical combinations of the second and third 
order, to which the process of u neutralization of a base 
by an acid, and the capacity of saturation of acids, rm 
ferred (§200). When the basic properties of a bast 
and also the acid properties of an acid, have disappeared, 
then these two bodies have united with each other 
in precisely those quantities which are determined by 
the natural law. he amount of this quantity for exch 
body may easily be uscertnined by adding together the 
equivalent numbers of their component parts. ~ 

Chalk is carbonate of lime (Ca O, C.O,). 

Time consinte of Cartomie Acid consists 
1 0g. of calcium = 250 Leg. of carbouse 3 
nd 1 eq. of oxygen = 100 anid 2 eq. of oxygen = SM 




















‘That is, in chalk 350 ounces of lime are always: 
bined with 275 ounces of carbonic acid, and exactly te 
same proportion must be used in the artificial 
tion of chalk from its constituents, The 
proportion, or equivalent number, of chalk is, 
ingly = 625. ia 
If we wish to convert chalk by common 
acid into gypsum (Ca O, 8 O,) we must first 
the proportional number of the acid. We 
find in it one equivalent of anhydrous 
united with one equivalent of water. 









































































































































































































































376. Sulpaerss of Beran 3: >.— i> — 
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a ‘PLATINUM (Py). 
At Wi = 1982 —Sp, Gr. = 215. 


390. Platinum, 2 metal of still greater density than 
gold, was brought in the last century from America, 
‘where it wns found, in the form of small, flattened 
grains, mixed with the sands from which the gold was 
washed. It received the name platinum, derived from 
the Spanish word piata, silver, on account of its re- 
semblance to silver in color and ductility. It was 
afterwards found also in the sand of the Ural Moun- 
‘tains, in compact dumps, from the size of a flax-seed to 
that of a man’s fist, Platinum, like gold, is a noble met- 
al, and, like iron, ie tenacious, ductile, and con be welded, 
and is, moreover, infusible at the strongest fumace 
heat. These properties have rendered platinum an ine 
valuable metal to the chemist. Sulphuric and hydro 
fluoric acids can be distilledyjn platinum retorts, nqua- 


num crucibles, or on platinum foil or wire, without the 
platinum articles being broken or melted. It is only 
necessary to be careful that no metal be heated with 
platinum, as a fusible alloy might thus be formed, and 
‘the platinum apparatus be melted or broken even ata 
moderate heat, The value of platinum is intermediate 
between that of gold and silver, and in Russia it has 
‘been coined into money. It is less adapted for articles 
‘of lnxury than either of these two metals, its color not 
being of m pure, but of a grayish white, and its Instre 
far infccior to that of silver. Itcan be fased by the oxy- 
hydrogen blow-pipe, or by the galvanic battery. 

291. Platinum, like gold, is dissolved by heating it 
for a long time with aqua-regia; and a dark-brown s0- 


a ~ 








‘PLATINUM. 405 
| into plates, drawn out into wire, or moulded into 
) &e. 


rn capsules, 

By proper chemical menns, platinum muy be divided 
‘still more minutely than in the case of spongy plati- 
‘num ; it is then obtained in the form of a delicate black 
pander, which possesses, in a still higher degree than 
spongy platinum, the power of condensing gases into 
“its pores ; it is called platinum black. If some alcohol 
be dropped upon this platinum black, ignition takes 
\place, with an almost instantancons conversion of the 
‘alcohol into ncetic acid. The reason of this change is 
to be sought for in a combination of the alcohol with 
the oxygen of the air, which is effected by means of the 
(porous platinum black. 

893, Experiment.—\f you perform the experiment 
deseribed in §386 with a solution of platinum, you 
obtain a coating of metallic platinum upon the glass 
‘The combination between this mctal and chlorine is 
likewise so feeble, that heat alone is able to doatroy it. 
‘394. Experiment.— Dissolve one of the salts of pox 
tassa, and add to it some drops of solution of platinum ; 
here also, as in § 392, a yellow insoluble precipitate is 
formed, consisting of potassium, platinum, and chlorine. 
The solution of platinum serves, therefore, as a test for 
tho salts of potasen (and salts of ammonia). The eolu- 
tion of platinum is precipitated black by sulphuretted 
hydrogen (sulpharet of platinum). 

Platinum forms with oxygen a peroxide and » prow 
tozide; likewise with chlorine, a perchloride and a pro« 
tochloricle. 

Palladium, Iridivm, Riodiwa, and Osmium 

895. These four metals are, as it were, the satellites 
eee ceyices alway farted ix\omall quate 
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tiful tabular or prismatic crystals. Rub an ounce of it 
with ten ounces of water; it will dissolve in it, forming 
an orange-yellow solution. 

i —Add to one half of this solution a 
dram of pure carbonate of potassa, and concentrate by 
evaporation the liquid, which has become of a clear 
yellow color; on cooling, yellow crystals will he de~ 
posited. These consist of neutral chromate of potassa 
(KO, CrO,). The potasea of the carbonate of potassa 
has, while the carbonic acid eeeaped, combined with 
the second atom of chromic acid. If nitric acid ix 
added to a solution of the yellow salt, the liquid be 
comes darker, and on evaporation red crysinls are ob- 
tained, mixed with crystals of nitre, It is obvious thab 
the nitric acid has abstracted half of the potassa. 

399. Chromate of Oxide of Lead (Pb O, Cr O,).-— 
Experiment. — Add to a portion of the solution of the 
red salt a solution of sugar of lead, ws long as there is 
any precipitate; this precipitate, when washed and 
dried, is the well-known chrome yellow, and is the 
richest and most vivid of all the yellow pigments. By 
mixing it with white substances, — for instance, chally 
talc, clay, gypsum, &c.,—numerous other shades of 
yellow are obtained, as new-imperial, king’s, Paris, &e, 
yellow; but by mixing it with Prussian blue, the well- 
known cheap green pigments are obtained, called olive 
green, Naples green, green cinnabar, &e. 

Experiment.—\ chrome yellow is stirred up with 
water and heated with some carbonate of potassa, it 
passes into chrome orange, which is also used as a paint 
er’s color, This contains somewhat less chromic acid 
than the chrome yellow; accordingly, the potasea ab- 
stracts from the chrome yellow a portion of the chromic 


acid, which is rendered apparent. by ‘he yellave color of 


/ the liquid filtered off from the clrome orange. 
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with ink, introdaved into the tabe during the boiling, is 
bleached, as chlorine gas escapee at the same time, 
‘The process is analogous to that of the evolution of 
chlorine from black oxide of manganese, or from aqua- 
regia; the chromic acid gives up half its oxygen, and 
becomes green sesquiaxide of chromium, but the oxygen, 
becoming free, abstracts from a portion of the muriatic 
acid its hydrogen, and liberates its chlorine. Deeant 
the green solution, dilute it with water, and add to it 
ammonia; the ammonia corobines with the muriatie 
acid, and the sesquioxide of chromium is precipitated 
as a Aydrate baying a bluish-green color, Dried and 
ignited, it becomes a dark green anhydrous oxide. A 
fine green is produced by it on porcelain and glass; ac- 
cordingly it is esteemed asa valuable vitrifiable pig. 
ment. 

Experiment. —The ease with which chromic aeid 
gives up half of its oxygen may also be shown with 
chromate of potnssa, Dissolve in a test-tube a few 
grains of red chromate of potnsaa in warm water; add 
afew drops of sulphuric acid, and heat the solution 
still more strongly. If you now adda little sugar ot 
some drops of alcohol to it, a brisk ebullition ensues, 
and the color of the solution is changed from red to 
green; sulphate of potassa and sulphate of scaqui- 
oxide of chromium are now contained in the liquid. 

40L Chromic Acid (Cr O,).—Experiment.—Re- | 
duce to powder half an ounce of | 
red chromate of potassa, put it into | 
a porcelain dish, and then add half 
an ounce of water and half an | 
ounce of sulphuric acid, and heat | 
the whole, with constant stirring, | 
for five minutes. If a drop of it ig 


Pig. 1. 
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in water, and is then used as a test for the saltw of soda, 
‘the antimonic acid forming with the soda a very spar- 
ingly soluble salt. 

405. Chloride of Antimony.— Antimony is dissolved 
only with great difficulty by muriatic acid; a solution 
is more readily obtained by employing sulpburet of an- 
timony inetead of metallic antimony. 

Experiment. — Put half an ounce of sulphuret of an- 
timony into a capacions flask; pour aver it two ounces 
and a half of mariatic acid, and heat it in m sand. 
bath, at first moderately, but afterwards to boiling; the 
sulphoretted hydrogen, escaping in large quantities, is 
conducted either into water or into milk of lime, by 
which it is completely absorbed. ‘The sulphuret of ane 
timony and the muriatic acid are converted into sul- 
phuretted hydrogen and chloride of antimony (muriate 
of oxide of antimony). After several days’ repose, de- 
cant the clear liquid; it contains chloride of antimony 
in solution, and wus formerly called bufter of antimony, 
By continuously rubbing some drops of it upon an 
iron plate, a very strongly adhering coating of oxide 
of iron is produced, which imparts to the iron a brown 
appearance, and renders it less liable to rast. In this 
way the well-known color (browning) is given to gan- 
barrels. 

‘The liquid obtained as a secondary product, filtered 
from the milk of lime, is to be regarded as hydrated 
sulphuret of calcium; it has the property of rendering 
hair so loose in the skin, that it may easily be pulled 
ont, as will appear if a piece of calfskin is softened 
in it for some time, 

Experiment.—By pouring one ounce of the liquid 
muriate of antimony into ten ounces of hot water, a 
decomposition and turbidness are produced, as in the 
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407. Sulphuret of Antimony. — Experiment. — Ait 
some sulphuretted hydrogen to a solution of tartur 
emetic in water: an orange-colored precipitate of suk 
phuret of antimony (Sb 8,) is obtained, which becomes 
darker on drying. ‘Thus the combination of antimony 
may be very well recognized, as no other metal yield 
& sulphuret of this color, 

We most frequently find antimony in nature haying 
this composition ; but the native sulphuret of antimony 
has quite another color, namely, stee/-gray, and in other 
respects likewise a very different exterior condition, as 
it oceurs in heavy compact masses, which on the frac 
tured surface appeur as if they were composed of small 
shining needles or points. On account of this appear 
ance, it has received the name of prismatoidal antimong 
glance. It melts even in the flame of a candle, and 
hence may be obtained from the different sorts of rock 
with which it is associated, merely by liquation. Wher 
pulverized, it forms a black gray shining powder, which 
is employed by the farmer as a familiar remedy in the | 
diseases of domestic animals. It is commonly, but ex 
roneonsly, called antimony, by which term sulphuret of | 
antimony is implied. 

Experiment.— Boil a small quantity of pulverized 
gray sulphoret of antimony with « solution of potassa, 
let it setfle, and add an acid to the decanted liquid: 
brownish-red precipitate is produced, likewise eulphuret 
of antimony, which was dissolved by the potassa. ‘This 
sulphuret of antimony (containing an oxide), which in 
the apothecary’s shop ix called Kermes mineral, is much 
more finely divided (§ 129) than the gray, and thereby 
acquires the red color; the division is still greater in 
the orange-colored sulpburct, prepared from the tartar 

emetic. 
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example that, even in solid bodics, atoms can ulter their 
relative situations (§ 280). 

Arsenious acid is capecially distinguished from the 
other metallic oxides by ite solubility in water, whiok, 
indeed, is not very great, since one grain of it requires 
fifty grains of cold water, or from ten to twelve grains of 
boiling water, for solution; bul it is suficiently soluble 
to'render these solutions exceedingly dangerous poisons, 
White arsenic is gencrally employed for killing rats, 
moles, and other troublesome house or field animals; 
for this purpose colored arsenic only should be pur 
chased, as the white arsenic looks very much like sugur 
or flour, und might easily be en for it. In order 
to prevent its being carried off, it is best to strew pow- 
dered arsenic over broiled rinds of pork, or broiled fink, 
nailed upon boards. If the poison is put in stables, 
the fodder-troughs should be carefully covered over, that 
the poisoned rats may not vomit the poison into them. 

Arsenious acid, like chloride of mercury, prevents 
the decay of organic substances; therefore the skins of 
animals intended for shipping are rubbed with arseitic 
upon the flesh side, 

Arsenious acid readily gives up its oxygen in the 
heat to other bodies; for this reason it is added by 
glass-makers to melted glass, to convert its black or 
green color into yellow. It acts like black oxide of 
manganese ($ 297) ; namely, it oxidizes the protoxide 
into seaquioxide of iron. A solution of white arscnic 
and mercury in nitrie acid is used by hatmakers to 
remove the shining smooth coating from the fur of 








413, Reduction of White Arsenic. 
Experiment. — Draw out 0 gan sibs into © Qoitt, 
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are Schweinfurth green, vert de mitis, and Vienna green. 
This color is as poisonous as white arsente; hence ex 
treme caution in the nse of it cannot be too strena- 
ously urged; it may even prove dangerous as a green 
paint for rooms, since, under some circumstances, vola- 
tile combinations of arsenic are formed from it, and 
unite with the air. 

416. Arsenic Acid (As O,).—If arsenions’ acid is 

boiled with nitric acid, it takes from the latter | 
EI two additional atoms of oxygen, and becomes 
4) arsenic acid, ‘The eame acid is obtained, com- 
bined with potasea, by fusing together arseni- 
ons acid and nitre. The bfarseniate of potassa 
!|| thus produced, which crystallizes in beantifal 
four-sided prisms, has hitherto been consumed 
in immense quantities in calico-printing, not #0 | 
much to produce colors as to prevent their formation 
on certain points of the texture, 

416. Sulphuret of Arsenic. — Experiment.— Dissolve 
some grains of arsenions acid in boiling water, and add 
to the solution sulphuretied hydrogen; a precipitate of 
yellero sulphwret of arsenic (As 8,) is formed, three at- 
oms of sulphur replacing three atoms of oxygen. In 
this way arsenic may easily be detected in liquids, and 
separated from them ; the salts of cudimium and oxide of 
tin are the only ones, except arsenic, which give a yel- 
low precipitate with sulphuretted hydrogen” Sulphuret 
of arsenic is redissolved by sulphurct of ammonium. 

Sulphuret of arsenic also occurs native, and is 
called orpiment, or king's yellow, and was formerly 
used as a yellow pigment, but it is earnestly advised 
never to employ this color in the painting of rooms, as 

* The salts of antimony aro provipltated of an orange-yellow color by 
su)pharetted hydrogen 
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small drops of water, which form during the combustion 
of the hydrogen, and condense on the cold portion. If 
you now dip a piece of wood into Schweinfurth green, 
so that only a little of it shall remain adbering to the 
wood, and introduce it into the flask, the flame, after 
‘the gaz has been rekindled, will present a bluish-white 
appearance, and will deposit on the porcelain held in it 
a black or brown smooth spot (mirror); this mirror is 
metullic arsenic. Like sulphur and phosphorus, arse 
ui¢ also will combine with hydrogen, forming a kind 
of gas, which, in company with the free hydrogen, es 
ecapea and burns, The flame is cooled by a cold body 
below the temperature which arsenio requires for burn- 
ing; hence the latter condenses on the porcelain, just 
in the same way as carbon or soot is deposited on it 
when held in the flame of a candle. The carbon sepa+ 
rates ns a light, pulvcralent body, arsenic as a coherent 
mirror, ‘This incredibly sensitive test is called, after its 
inventor, Marsh's arsenical test. It followe from the 
previous remarks, that eare should be taken not to in- 
hale the eseaping gas, particularly the unburnt gas; bat 
here more than ordinary caution is necessary, as arsénix 
uretted hydrogen is'a most poisonous gas, and one to 
which some chemists have already fallen a sacrifice, 

AIS. Antimoniuretted Hydrogen. — Experiment. — Re- 
peat the same experiment, substituting tartar emetic for 
Schweinfarth green; black spots are in this case also 
deposited on the porcelain, but they are darker, and 
often have a sooty appearance; they consist of metallic 
antimony, ‘To distinguish spots of antiraony with cer- 
tainty from spots of arsenic, drop upon them a solution 
of chloride of lime; the spots of antimony remain wn- 
changed, while the arsenical mirrors dissolve immuedi- 
ately. 
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17. Chlorine may be separated from the metals, — 
a.) By mere heating (the noble metals only). 
6.) By heating in hydrogen gas. 
¢) By a more electrospositive metal. 
d) By a stronger acid, for instance, sulphuric acid. 


The Oxygen Salts. 

18, Every acid usually forms a salt with every me- 
tallic base; hence, there is an infinite number of salts, 

19, Suboxides must receive oxygen and hyperoxides 
part with it before they can combine with acids. 

20, Most of the salts may be crystallized, sometimes 
with and sometimes without water of crystallization. 

QL. The sults behave very differently towards water; 
some dissolve in it very easily, others with difficulty, 
and others not at all. 

22, Salts may be prepared, — 

a.) By exposing metals to the air. 

6) By dissolving them or their oxides in acids. 

¢) By decomposition of the metallic sulphurets 
with acids; also by a spontancous weathering 
of the metallic sulphureta. 

d.) By mutual decomposition by means of predie- 
posing simple or double elective affinity. 

23. Many of the sults, by mere henting, lose their 
acids, which either escape (carbonic acid), or bur up 
(organic acids), 

2A. The salts, like the oxides, may be reduced to met- 
als, If this is effected by ignition with charcoal, it is 
necessary to superadd 9 strong base (carbonate of soda, 
lime), which attracts the acid from the salt, 


Occurrence of Metals in Nature. 
25. The metals principally occur wative in five forms, 





orygen, and the most electro-positive (most basic), potes- 
sium,—form the two final embers of the series; then 
the former is succeeded by those bodies which comport 
themselves like oxygen in their properties and combina- 
tions, while potassium is followed by those similar to 
itself, At the junction of the two series, the undecided 
elements are found,—those comporting themselves 
sometimes negatively and sometimes positively. If 
it is a law in chemistry, that bodies combine together s 
much the more eagerly the more dissimilar they are to 
each other, while bodies similar in their properties show 
at most only a very slight inclination to combine, then 
this scheme may present to us at the same time a probe 
able idea of the affinities of the elements for cach other. 
‘Those bodies most remote from cach other in the series 
have a great desire to combine, while those the nearest to 
each other have but little or no desire to unite, 

oxygen most readily desires to unite with the potas- 
sium, next with the sodium, next with the calcium, 
barium, and so on; it comports itself most indifferently 
towards fluorine. Potassium, on the other hand, shows: 
the greatest affinity for oxygen, then for the salt-form- | 
ers, sulphur, &e.; but the least affinity for ite neigh- 
bours and kindred, sodium, barium, &c. Let it be dis 
tinctly understood, however, that this scale of affimity is 
avery fluctuating one, and is subject in many cases to 
essential modifications, 
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tions of the inquiring mind on this point will ever lead to | 
bright or clear ideas here below. We feel, indeed, the | 
rushing of the vital current in the joy which penetrates 
us when in the spring this force causes the buds to ex- 
pand, and covers the earth with showers of blossoms, as 
well as in the melancholy which seizes upon ua when 
in the autamn the withering of the leaves announces to 
us its departure; but whence this force comes, and 
whither it goes, and how it calls forth, as it were by 
magic, the wonders of the vegetable world, we are in- 
deed absolutely ignorant, That only which it produces, 
and from which it was produced, are comprehensible to 
‘our senses. 

420. There are two ways open to the inquirer, by 
which he may gain o partial insight into the mysterious 
workshop of vegetable life:— Ist, that of observation, 
which, by the aid of the microscope especially, has led 
toa very accurate knowledge of the structure of plants, 
and of the chanyes which their separate parts (organs) 
undergo during their growth ; 2d, that of chemical ex. 
periment, by which the constituents of plants, their food, 
and some of the transformations of matter occurring | 
during the growth of the vegetables, have been discov- 
ered, The knowledge acquired in these two ways of 
the inward and outward changes which plants undergo. 
during their existence, is called vegetable physiology. 

421. There nro generated in plants during their 
growth many substances having a perfect individuality 
of their own, which in many cases we can distinguish 
frora each other by their taste, Grapes, carrots, and 
many other fraits and roots, have a sweet taste; they 
contain sugar. ‘The branches and leaves of the grape 
vine have a sour taste; they contain un acid salt. Those 
of the wormwood have a bitter taste, Soey contain ¢ ye- 
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water to it, and letting it remain for some hours in a 
warm place. ‘That which is thus produced by the vital | 
activity of the plants, or by cold or heat, namely, the 
transformation of one vegetable subslance into another, 
we are also able to effect by various other means. Art 
in this respect can indeed do more than natare, sinee it 
produces combinations —for instance, alcohol, pyrolig- 
neous acid, and many other compounds — which we 
never find ready made in the living planta. The num- 
ber of these combinations may be increased almost in- 
numerably by the aid of inorganic bodies, such as strong 
acids und bases, chlorine, &.;—letting these operate | 
upon vegetable substances, which are thereby changed 
in an infinitely varied manner, and transformed into 
new bodies. ‘Thousands of such new combinations 
have been discovered within the last twenty years; our 
posterity will probably count them by millions. 

423. If you ask whut are the elements of which the 
proximate constituents of plants are composed, the 
answer is, the four following are the principal ones, — 
carbon, hydrogen, oxygen, and nitrogen, —which are 
therefore called organoygens. Many of the vegetable 
tissnes contain all the four elements (C HON), and are 
called azotized compounds; but others, and by far the 
largest, proportion, contain only the first three cle 
ments (C H QO), and are called non-azotized compounds. 
From these few elements, with the addition of small 
quantities of sulphar, phosphorus, and some inorganic 
salts, the Creative Power is able to produce the count 
less multitude of plants which cover the surlace of our 
earth. 

A24, If it is obvious, from this simple constitution, 
that the great variety of vegetable matter does not de- 
pend upon the number of the constiinent arts, we 
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Te ite If one atom of oxygen is added to 
OKOKOO) this, we have the constitution of malie 
ocid = C, H,O, (see Fig 166). 


GO@C 
Te. 17. If one more atom of oxygen is 
OOOOD added, that of tartaric acid = CH, 
nx O, (see Fig. 167), 
CICTCT 
rie And by adding yet another atom 
QOOOO® of oxygen, that of formic acid= 
Vu C,H, O, (see Fig. 168). 
BOW 
We But, on the other hand, if one atom 


tution of acetic acid is obtained = C, Hy 
OF, &«. (sce Fig, 169). 

If we are not yet able to produce all the transforma- 
tions az they are here given, yet the possibility of sue- 
ceeding at some future time eannot be doubted. 

Sagar, starch, and wood have precisely the same 
constitution, namely, C,H; O,; they are isomeric. If 
we imagine these three clements grouped together in 
different ways, a3, for instance, 

in sugar: in starch: 
Pe. 170. Te im. 


DOD of hydrogen is added to the snecinie acid, 
ae which was the starting-point, the consti 














ae 
oxygen, and nitrogen), and the form in which it re 
treated of more fully at the close 
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426. Germination of the Seods.—The vital force ! 
slumbers in the seed; it is called into activity by moist- 


ure and heat. 


Experiment. — Pour water over some beans, and’ tet 


Fig. 73. 


CH 


ther remain in a 

warm place, till the embryos 
burst forth, and the swollen seeds 
divide into two parts. If we 
now examine them closely, we 
shall perceive at the extremity of 


each seed, where the germ appears, two delicate white 
leaflets; from these, as the plant continues to grow, 
the etem and leaves are developed, while the other ex- 
tremity of the germ forms into a root. ‘The solid mass 
of which these young organs consist is called wewetable 
tissue; it consists of variously-formed cavities, which 
are filled with « colorless liquid, the sap, If the bean- | 
plant is exposed to the action of light, a green coloring 
matter (chlorophyll) is produced in the sap; but this 
enbstance ie not formed in the roots, since they are 
screened from the light by the surface of the earth 
‘The two lobes of the bean (cotyledons) gradually dis- 
appear as the development of the plant advances; 
they serve as its first nourishment. ‘The embryo of 
most plants is furnished with a pair of cotyledons (ii- 


cotyledonous). 


> 
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therefore a tree will die when the inner bark is girdled, 
whilst (az seen in many hollow trees) the tree will live 
on if only the inner and outer bark remain, though the 


new layer of wood (annual circles). The light and 
whiter wood, lying next the inner bark, is called the 
sap-wood (c); but this, by the annually increasing 
compressure, becomes denser and more solid, and then 
it is ealled heart-wood (d). The latter is usually 
darker, and ix frequently impregnated with coloring 
matter (red-wood), The an- 

Fein. nexed figure will give an idea of 

’ the artistical intemal structure, 

which is manifest even in appar 


tmnaverse section of a pine 
bough, the portion marked a rep- 
resenting young ligneous cells, 
those marked b the manned 
cll. 

















highly concentrated nitric acid, it acquires the re 
markable property, like that of gunpowder, of igniting 
and exploding with great violence when touched by a 
lighted match. 

* — Experiment.— Mix balf an ounce of the strongest 
nitric acid (sp. gr-—= 15) with one ounce of strong 
sulphuric acid ; pour the mixture into a porcelain mor 
tar, or a cup, and press into it with the pestle as much 
cotton (wick-yarn, cotton-cloth, printing-paper, &e.) as 
can be moistened by the acid. When the cotton has 
soaked for five minutes, it is to be taken out with a 
glass rod, put into a vessel containing water, and 
washed repeatedly with fresh quantities of water, une 
til it no longer reddens blue test-paper. The cotton 
is then squeezed out with the hand, spread upon a 
sheet of paper, and dried in an airy place, If is dan- 
gerous to dry it upon a stove, as it easily takes fire, 

If the gun-cotton thus prepared is strack smartly with 
a hammer upon an iron anvil, it detonates violently; 
when touched with a hot wire or a lighted match, 
burns instantaneously, without leaving any residue; 
when firearms aro loaded with it, it acts like gun- 
powder, but its explosive power is three or four times 

















450 
part of this work. All vegetable substances are com 
sumed in the same way, by means of the oxygen of tht 
air. If inorganic substances (salts and earths) am 
present, they, since they are not volatile, remain be 
hind as ashes. 

Vegetable, and likewise animal substances, can 
conzumed, not only by the oxygen of the air, but 
by the oxygen of other bodies ; as, for example, by that, 
of oxide of copper, of chromate amd chlorate of potassa, 
or directly by pure oxygen itself, If the water formed. 
during the combustion is absorbed by chloride of cak 
cium, and the carbonic acid by a solution of potassy 
then, by the increased weight of the chloride of caleium 
and the potassa, the quantity of the water and of the 
earbonic acid may be ascertained, and from these 
weight of the hydrogen and carbon which the eon 
sumed body contained may be calculated. That whi 
is wanting in the weight of the original body under! 
examination is the amount of oxygen which it con- 
tained. In this manner the three elements comprised) 
in an organie body, carbon, hydrogen, and oxygen, 
may be very accurately determined; such an exami+ 
nation is therefore called an elementary analysis. If, in 
addition to the three above-named elements, an organic 
body contains nitrogen also, it escapes uncombined 
during the combustion in the form of gas, and can be 
collected and estimated by a special method of analysis. 
Bot on heating such bodies with bases having a strong 
affinity for water,—for instance, with hydrate of pos 
tassa or soda and lime,—then (with but few excep. 
tions) the nitrogen contained in them escapes in come 
bination with hydrogen, aa ammonia, from which the 
contents of nitrogen can be accurately calculated. 














das, thick, brown, resinous liquid. The two former 
substances have been already described, 50 that only 
the two latter remain to be more fally considered. 
A837. Pyroligneous Acid, or Wood- Vinegar. — Ove 
pound of dry beech-wood yields nearly half ‘a pound of 
sacid. In its crude stute it has a brownish: 
black color, owing to the tar which it contains in solu- 
tion, and a smoky odor, together with a very acid, dip 
agreeable, smoky flavor, On account of its containing 
acetic acid, and its cheapness, it is now much used in 
the preparation of acetates, particularly such as are em> 
ployed in calico-printing and dyeing; for insane 
acetate of iron, of lead, of soda, Se. 
cicperionet Pour one witaeoeeae eee 
of Ican ment, and let it soak for a few hours; itcan 
then be dried and packed without passing into putre 
faction, as in a few hours it has experienced the same 
change, and acquires the same degree of firmness, 
usually produced by being suspended for months in the 
smoke (rapid smoking). 
438. Wood-vinegar owes its antiseptic properties to 
peculiar substance, which has received the name of 
creosote (flesh-preservative) ; one pound of pyroligneons 
acid contains about a quarter of an ounce of it in sola 
tion. Pure creosote is a colorless liquid, gradually be 
coming brown by age, and of an oily consistency ; it 
has a strong smell of smoke, a very burning taste, and 
disorganizes the tender skin of the tongue or the mouth, 
| and, taken internally, is a powerful poison. Creosote ia 
now frequently applied usa remedy for the toothache, 
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the crecsote also contained in the tar, the decomposi- 


ing manner with what extraordinary readiness organic 
substances may be decomposed and transformed into 
* rer emmpaticedl oo ‘The wood has only to 

be heated in order to be resolved into an neid and a 
spirituous body, — into oily and resinous substances,— 
into illuminating gas and carbon. And these are not 
all the products of the decomposition of weod. Be- 
sides the substances here mentioned, a dozen other, at 
least, have been discovered, which are generated simul- 
taneously with them, and each of which may be con+ 
verted by beating, by treating with ncids, bases, chlo« 
tine, &c., into numerous other bodies, Here a great 
field opens for chemical investigation, a field which has 
indeed no bounds, and which must be eo mach the 
more extended, since all vegetable matter, heated with 
exelusion of air, becomes charred and decomposed into 
products of combustion, but which are diferent in diferent 
bodies, as is obvious in the dry distillation of tobacco 
in tobacco-pipes, of pit-coal, brown coal, &c. 

441. Imperfect Combustion of Pit-Coal,— Pit-coal and 
brown coal are formed from the vegetables of a for- 
mer era, which were washed together in heaps di 
some revolution of the earth, and deeply buried be~ 
neath mud and soil. When pit-conl is heated with ex- 
clusion of air, we obtain, in the same manner as from 
wood, — 1, carbon (coke); 2. a combustible gas (illa- 
minating gas); 3 an aqueous, empyreummtic liquid 
(tar-water); and 4. a resinous, black, viscid liquid (pit- 
con) tar). 

‘The aqueous empyreumatic liquid obtained from pit- 


ll 











poeacel! Occuring Native in the Bath. 


) Thanioating 90s. a.) Taflanmable gases (asered fice of the Tew 
mins), issuing here and there fram te 
crevices of rocks. 


B) Oil of caaltar, 8) Nophtha, oozing out of the earth in Perit. 
€) Oil of coalstar. ¢) Minerol tor, fou ia many places in. Penk 
and France. 
@) Artificial asphaitom o:) Natural axphaltum (pitch of Judes), fiend | 
(phtoh of pit-coal), tn the Dead Bex snl ctr Asien 
4) Amemunixcal empyreu- 6.) Ammwnia, iesuing in a wntery vapor, matics 
mastic Liye sted ie Denne a, 2 Ol | 
S) Cite ()- 1 Ace (he pec | 
immense beds in the earth, | 


¢.) Ghanges of te Vegetable Tissue by Air and Water. 
(Decay and Putrefaction,) 

443, Decoy. — When vegetable tissue —for instance, _ 
wood, leaves, straw, &e.—is exposed to the influence | 
of the air, it imbibes moisture, and becomes gradually 
brown and rotten, — it passes into decoy, ‘The chern- 
ieal process which thus takes place very much resem= 
bles those changes which wood undergoes in combas- 
tion, except that it takes place far more slowly ; what is 
eflected by combustion in minutes is effected by decay 
only in the course of years. By combustion, the con- 
stituents of the wood and the oxygen of the air are 
converted into carbonic acid and wafer; the ame prod- 
ucts are also formed on the decay of wood. In com- 
bustion, the hydrogen is oxidized more rapidly than 
the carbon; the same happens also in decay. This exe 
plains why wood, on combustion, as well as on decay, 
assumes a darker—first a brown, and thena black— 
color. ‘When proportionnbly more hydrogen passes 
off than carbon, the residue must necessarily, as the 
decomposition continually progresses, be richer in care 
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rule, more fertile than those which are poorin homes, | 
Therefore he seeks to restore to his land the bumus 
consumed in vegetation by ploughing in straw and | 
animal excrements (manuring), or fresh plants (gree 
manuring), or by the altcrnation of plants which leave” 
behind many roota in the soil (fallow plants) with 
ench az are only feebly rooted (grain). On an acre 
of land whieh was cultivated with clover, several thoa- 
sand pounds of roots remained behind in the soll; 
upon one cultivated with wheat or grin, only from | 
one fifth to one sixth as much; it is therefore appar 
ent, that in the former case from five to six times more 
humus must be generated by the decny of the roots 
than in the latter. The increase of fertility which the 
farmer thus aims at is, however, by no means to be as 
cribed to the humus alone, since the inorganic constit= 
nents (salts and earths) which are present in manure 
and in the soil have a principad share in it (§ 611). ! 
If we consider the formation of humus, we stall at | 
once perceive that various substances are included un- | 
der this term ; for its constitution alters every day, since | 
a little of its carbon and hydrogen is every day oxid- 
ized and separated. We may easily conceive, that very 
old burmus may contain as much again carbon as that 
which is recent, or even more. ‘The ideas conceming 
humus became atill more vague when chemists first 
thought of designating by this name other brown and. 
black colored substances, the products of the evapora+ 
tion of vegetable juices or decoctions, or which were 
formed from wood, starch, sugar, &c., by boiling the 
latter with acids or alkalics, The term Aumus thus be- 
came, a8 it were, a foundling-hospital, into which were 
brought all the enbstances formed from vegetable or an- 
imal matter, provided they were black or brown, and 





when the air is entirely or partially excluded, —for 
instance, when the decomposition takes place wader 
tater, as we observe in ponds, marshes, and rivers. 
Experiment. —Throst a pole into the mud of a pond, 
and catch the bubbles 
which rise, in a bottle 
filled with water, and 
held inverted over 
them; when all the 
water isdisplaced from 
the bottle, close it up 
while under the water, 
Introduce a little wa- 
ter into the bottle, and 
afterwards a small | 
piece of caustic potassa or quicklime, close it immedi- 
ately, shake it « few minutes, and then remove the stop- 
per under the water; a part of the water will press into 
the bottle, because the bases have absorbed a portion of 
rev the gas. The gas absorbed was carbomia 
% acid, If younow apply a burning match 
( to the month of the bottle, and expel the 
remainder of the gas by pouring in wae 
ter, it will ignite and bum with a bine 
flame. This is called marsh gas it 
carburetted hydrogen gas); it consists of 
carbon and hydrogen, like the common 
illuminating gas, but it contains, com- 
pared with thie, a emaller quantity of carbon, and there- 
fore burns without giving a bright light. These two 
ges, carbonic acid and marsh gas, originated in the 
wood, leaves, branches, roots, &e., of the vegetables 
which sunk to the bottom of the water, and were there 


decomposed. 
aad 
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any; many melt in the heat, others cramble to a sandy 
powder; many yield but one per cent. of ashes, while 
others yield from 25 to 30 per cent, &e. 

449. White Rotten Wood.— xperiment.— Put, dur- 
ing the summer, some sawdust, moistened with water, 
in a closed vessel, and Jet it siand for some months; 
the wood will gradually lose its firmness, and be con- 
yerted into a while, friable substance. A splinter of 
wood will not continue to burn in the air of the yeesel, 
since the air no longer contains free oxygen, but car- 
bonie acid. The water, too, has disappeared : it has 
chemically combined with the woody tissne. A similar 
transformation frequently occurs in the interior of the 
trunks of trees, where the air cannot have free access ; 
the well-known white rotten wood is formed in this 
way. When the air has free acceas, a brown substance 
(humus, ulmine) is produced, such as occurs in hollow 
elms, willows, lindens, and other trees. 

The decomposition to which wood is exposed by de- 
cay and putrefaction may be retarded and checked, — 

1. By rapid drying, whereby the water of the sap is 
removed. 

2. By steeping in water or steam, by which process 
the sap is dissolved and removed. 

3. By smearing with bodies which prevent the pene 
tration of the water; for instance, with varnish, tar, 
pitch, &e. 

4. By impregnating with ealine eolutions, which act 
antieptically; for instance, with corrosive sublimate 
(kyanizing), salts of lime, iron, &e, 
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heat approaches the boiling point, and, after boiling 
for a few moments, deposits a flaky, grayish-white sub- 
stance, which is to be collected on a filter. It is the 
same substance already referred to (§ 432), vegetable al- 
bumen, characterized by its property of dissolving in 
cold and warm water, but of coagulating in boiling 
walter. It contains nitrogen, which the starch does not. 

Experiment. — Put some of the coagulated albumen 
pon a piece of platinum foil, and heat it over a lamp; 
it will burn and emit a very disagreeable empyreumatic 
odor. When starch is trented in the same manner, it 
also gives off an empyreumatic, but far less unpleasant 
smell, All azotized substances comport themselves in 
this respect like albumen ; all non-azotized substances, 
like starch ; therefore, when a piece of woollen cloth is 
singed, it diffuses a far more disagreeable odor than 
a piece of cotton or linen, because nitrogen is contained 
in the wool, but not in the cotton or linen. 

A freshly-cut potato has a white color, which, how- 
ever, on longer exposure to the air, passes over to 
brown; a similar change takes place in the liquid 
pressed out from the grated potatoes; at first it is color- 
less, but gradually becomes darker. The substance, 
not yet accurately studied, which effects this change of 
color, is designated by the general term coloring matter; 
it is soluble in water, as is evident from the last-men- 
tioned property. 

iment.— Mix twenty drops of sulphuric acid 
with three ounces of water, and pour this acid water 
upon potato cut in thin slices; after standing twenty- 
four hours, the slices are to be taken out, and washed 
with water till they have no longer an acid taste, and 
then dried. During this proceas the potatoes lose their 
jaices, and also their albumen and coloring matter, and 
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paste when triturated in a mortar; inclose it in a picoe 
of thick linen, and kneud it frequently, adding water aa 
long as the liquid which runs through continues to have 
a milky appearmnce. After standing some time, a 
white powder will settle from the turbid water: this is 
wheat starch. 

Starch is one of the principal constituents of flour, a8 
indeed of all sorts of meal; the second constituent re- 
mains behind in the cloth, mixed with vegetable fibre, 
and is a viscous, tough, gray substance, which has re- 
ceived the name gluten (vegetable fibrine), The gluten 
only ewelle up in water, without being completely dis- 
solved; in its constitution it corresponds exactly with 
albumen, and, like thix, coninins mitrogen. 

When the water decanted from the starch is boiled, 
it becomes turbid, and when partially evaporated yields 
a flocculent precipitate ; thus wheat meal contains also 
some vegetable albumen. 

454. If the results of these experiments aro grouped 
together, we shall find that there are always present. in 
potatoes and peas, and also in wheat flour, the two 
non-azotized substances vegetable tissue and starch, 
and also one or several of the azotized compounds veg- 
etable albumen, caseine, and gluten. 


Non-Azotized Substances. 
In potatoes : vegetable tissue, starch ; 
Tn peas : vegetable tissue, starch ; 
Tn wheat : vegetable tissue, starch. 
Azolized Substances. 
In potatoes : vegetable albumen (caseine) ; 
In peas : vegetable albumen, caseine (much) ; 
In wheat : vegetable albumen, gluten (much), 


The three substances above named, contaixing nitro 
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We find the starch granules swollen by water, also, 
in boiled potatoce. One pound of crude potatoes con- 
tains about three quarters of a pound of watery juice, 
and from two ounces to two and a half of starch; at 
the heat of boiling water or steam, this juice is abe 
sorbed by the starch, so that the swollen grains fill ap 
the cells, which thereby acquire around shape, The 

annexed figure represents the magnified 

Pett — yeticulated cells caused by the coagalated 

albumen of the juice, which fills up the 

interstices between the single granules. 

All our baked food contains starch as its 
principal ingredient, and owes to it its friable and light 
character. 
457. Experiment. — Heat in a vessel half a dram of 
starch, with an ounce or an ounce and a half of water, 
constantly stirring it till it boils; the mixture first bee 
comes slimy, and finally as thick as a jelly. The grains 
of starch absorb water, and swell up, so that the single 
membranes break open. ‘This swollen starch is well 
known for its adhesive properties, und is variously em- 
ployed as a means of thickening printing colors. When 
linen and other woven fabrics are passed thrangh a thin 
paste of starch, they acquire, after drying, a degree of 
stiffness, and by ironing or strong rubbing and press- 
ing a bright gloss (dressing). The swelling of many 
of our most common articles of food, such as rice, 
groats, barley, beans, poas, lentils, We, when boiled 
with water, is now readily explained by their containing 
a large quantity of starch. 

Experiment.— Uf you let some starch paste remain 
for a length of time in a warm place, it gradually be- 
comes thin and sour; it thus passes into a peculiar acid, 
which has received the name of lactic acid, ‘The same 
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an ounce of starch with one dram of water and four 
drops of nitric acid; let the mixture dry in the air, and 
then place it on the hearth of a heated oven, whieh is 
just hot enough to hiss feebly when tonched with the 
moistened finger. After some hours, all the nitric acid 
will be expelled, and the starch will dissolve almost en+ 
tirely in cold water, and completely in hot water. 
Starch-gum thas made is white, or has only a slight 
yellowish tinge. 

Experiment.— Make a paste of potato starch by 
boiling starch with water, and, while yet hot, add to it, 
in a saucer, some drops of sulphuric acid, with constant 
stirring. That this acid effectsa change is evident, for 
the viseld mass very soon becomes a thin liquid. Now 
place the saucer on a jar, in whieh some 
water is simmering (steam-bath), and let it 
remain over the hot steam (the contents of 
the saucer not being heated quite to the 
boiling point), until the liquid has become 
semi-transparent. When this is the case, 
add prepared chalk by small portions at a time to the 
liquid, until it ceases to give an acid reaction, and after 
having filtered it from the gypsum, leave it to evapor 
rate ina warm place. ‘Che dry residue has an amor- 
phous, vitreous appearance, an insipid taste, and dis 
solves in water, forming a transparent viscid fluid; it 
is not soluble in alcohol. Vegetable substances with 
such properties are usually called gums; the gam ol» 
tained from starch has received the special name of 
dextrine. 

469. Starch- Sugar. — Experiment.— Repent the for 
Mer experiment, with the following deviation. Bring 
to brisk boiling two ounces and a half of water, to 
which twenty drops of sulpworic ad wore ‘ween adlde 


Fig. 15% 
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itself undergoing any change. ‘This peculiar mode of 
action of sulphuric acid and of platinum is aften desige 
nated by the name of “ action of presence” (contact), or 
action by cutalysis (power of conversion). 

460. Malt ond Diastase.— Experiment.— Pour two 
ounces of Inkewarm water upon a quarter of an ounce 
of coarsely pulverized barley-malt; let the mixture re- 
main some hours near a fire or stove, or in the sun, 
and then strain it through a linen cloth; there is found 
in the filtrate a substance not yet well known, called 
diastase, by means of which the starch may be con- 
verted into gum and sugur in the same way as by sal- 
phnric acid. 

Experiment.— Rub a quarter part of the diastase 
with some hot starch paste, made of a quarter of an 
‘ounce of potato starch and two ounces of water; heat 
the mixture moderately (but not above 66° C.), until 
the paste is formed into a thin, transparent liquid, 
Now boil this liquid for some time ata stronger heat, 
strain through a cloth, and let it evaporate in a warm 
place, The mass remaining behind is like that ob- 
tained at $458, and consists of dextrine, or stareh-gam. 

Experiment,— Treat the other three quarters of the 
diastase in the same way, but prolong the heating for 
several hours, which may be most conveniently: done 
on the hearth of stove or fireplace, applying to the 
liquid n heat not above 70° or 75° C. Here also dex- 
trine is the first product formed; but this is soon con- 
verted on further boiling into stareh-eugar, as may 
easily be perceived by its taste. By evaporation, sirap 
of starch is obtained, as in §459, 

461. The remarkable change which malt commani- 
cates to starch is to be ascribed to the diastase eon 
‘tained in the malt. ‘This substance obviously acta in a 
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the spring, after the germinating principle is excited, it 
diminishes, It is a well-known fact, that on germinn- 
tion potatoes become soft, mucilaginous, and afterwards 
sweet; the dextrine forming from the starch rendere 
them mucilaginous, and the sugar forming from the 
dextrine renders them sweet, This process of trans 
formation advances still further in the earth, the pota 
toes becoming constantly softer and more watery, and 
when the starch is completely consumed in the growth 
of the young plant, the process of decay commences, 
and its products, carbonie acid, water, and ammo- 
nia, may be regurded ax food for the somewhat older 
plant 

463. Unripe apples and pears are colored blue by 
tincture of iodine; consequently they contain starch. 
When completely ripe, they cease to give this reaction 5 
therefore starch has disappeared on ripening, as ap- 
pears by the taste of the fruits; they are sweet, and 
we must therefore presume that here also a transfor * 
mation of the starch into dextrine and sugar has taken 
place. It appears, aleo, that frost is capable of exert- 
ing similar influence upon thee vegetable substances, 
which are rich in starch ; it is well enough known, that 
frozen potatoes, apples, medlars, &c. have # sweet taste 
after being thawed. 


Ii. GUM AND VEGETABLE MUCUS. 


464, Ir has already been explained, when speaking of 
dextrine, what kind of vegetable matter is called gum, 
and likewise that it is an intermedinte substance be- 
tween starch and eugar. Dextrine is owe of Yas mse 
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of the Senegal, whence it has been called gum Semegaly 
ix peculiarly well adapted for the latter purpose, as 
it yields a thicker mucilage than the common gom 
Arabic. 

Exporiment.— Pour some drops of mucilage of gam 
Arabic into alcohol; they will not mix with each other, 
as the gum {s insoluble in alcohol. If the mueilage is 
previously mixed with water, forming « thin clear liquid, 
and is then added to the alcohol, a turbidness ensues, 
and afterwards a flaky precipitate will subside; accord: 
ingly, alcohol may be used for removing gum from 
those liquids which contain gum. 

In a chemical sense, only those sorta of gum are 
designated by the name of gum which dissolve com 
pletely in cold water, and thus form a clear, transparent 
liquid. 

"466. Gum tragacanth is also a vegetable exudation, 
well known as a stiffening material, and as forming 
with water an adhesive paste; it exudes from the tra- 
gacantha, a shrab which grows in Greece and Turkey, 
and it occurs in commerce in the form of white, tortuous 
filaments, or bands. 

Experiment. — Let a piece of tragacanth remain for 
some days in cold water; it will soften and swell into 
a stiff, viscid jelly; a single dram of it is sufficient to 
convert one pound of water into a thick mucilage. 
The tragacanth docs not dissolve, but, like starch, 
only swells vp; if the mucilage is boiled, the mass be- 
comes more uniform, but a complete solution is not 
effected. 

‘This kind of gum has been called vegetable mucus 
(bassorine), to distinguish it from the former; it ocenra 
also in many other plants, as, for instance, in the leaves 

of the mallows and the coltafoot, in the voots af the 
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standing for some time, a granular sediment separates 
from it, while a part of the solution of sugar remuins 


Honey bears a strong resemblance to starch-sugar, 
If itis kept for some time after being melted, the mass, | 
at first homogencous, likewise separates into two parts, 
into a granular solid residue, and into a sirapy liquid. 
"Phe former consists of starch-sugar, the latter of liquid 
sugar. 

‘This species of eugar (starch-eugar) is formed algo in 
many vegetables, and is especially abundant in fruits; 
as, for example, in plums, cherries, pears, fig, grapes, 
&c. ‘The white coating of prunes and the white, sweet 
grains in raisins consist of it. On account of this origin, 
sugar of starch is also called grape-sugar. 

If you taste a dried granule of sugar from a raisin, 
and then a little common sugar, you will at once per 
ceive that the former is much less sweet than the Inter; 
one ounce of common sugar has the same sweetening 
capacity as two ounces and a half of grape-sugar, The 
solubility of these two varictics of sugar in water is 
likewise very different, grape-eugar dissolving in it 
ouch less readily and more slowly than common sugar. 
While one ounce of cold water can dissolve three 
ounces of common sugar, it is able to take up only 
two thirds of an ounce of grape-sugar; the solution of 
sugar (sirup) prepared from the former is, accordingly, 
of a much stronger and more tenacious consistency 
than that prepared from grape-eugar. 

470. Cane-Sugar.— Ovr common sagps i different 





a 





Experiment.— Dissolve half an ounce of sugar ina 
quarter of an ounce of hot water; the viscous solution 
is called white sirwp. If this solution is put in a cup, 
and set aside in a warm place, and evaporated slowly, 
the sugar will separate from it, crystallizing in oblique 
six-sided prisms. In a similar manner white candy is 

meme prepared on @ large scale from refined 
sugar, brown candy from mw sugan 
As the crystals deposit more readily on 
substances having a rongh than on those 
having a smooth surface, fine threads 
or pieces of wood are stretched across 
the vessels containing the sirup, and they soon be- 
come coated with crystals. 

471. Cane-sugar, as already stated, has a much 
sweeter taste than grape-sugar; therefore, when used 
as a sweetening agent, it possesses a far greater value 
than the Intter. The white sugar now occurring in the 
market in Germany Is frequently found to be composed 
partly or entirely of starch-sugar. 

Experiment. — Pat. into a test-tube a piece of cane- 
sugar, and into another some granules of gmpe-sagar 
taken from a raisin, and pour over them strong sul- 
phuric acid; the cane-sugar becomes black by gentle 
heating (it is charred), but not so the starch-sugar, An 
opposite reaction takes place when the two sorts of 
sugar are heated with a solution of potas; the grape- 
sngar, but not the cane-sugar, assumes a dark color. 

Experiment,— These two sorts of sugar may be 
more accurately distinguished from each other by the 
copper test, First add to the solutions of eugar some 
drops of a solution of blue vitriol, then some drops of a 
solution of potassa, and place both vessels in hot 
water; the liquid containing the graye-soger eswumes 


“containing the came-sugar 

is able to abstract from the oxide of copper half 
whereby reddish-yellow suboxide of eop- 
B51); cane-sugar is also able to effect 
‘but not till after boiling, or after standing 
days. The sugar is converted by the oxygen 
‘into an entirely new substance, called formic 
may be distinctly recognized by 

‘this test, even in an extremely diluted solution. 
Sugar.— By this very indefinite name 
are commonly designated all those kinds of sugar 
ee pcmtion » solid crystalline 
, but a vitreous amorphous mass, which on 


pert aie agin attracts water, and deliques- 
‘Phis kind of smgar is commonly called sirap and 


473. Sugar of milk is that particular kind of sugar 
which oceurs in milk, and imparts to it its agreeable 
- aceenstheapend It is obtained in hard, white, crystal- 


ch less sweet to the taste than grape-sugar, 
six parts of cold water for its solution. It 
a that milk becomes sour by standing for 


| part of manna (the concrete sweet 
e species of the ash, growing principally in 














486 VEGETABLE MATTER. 


RETROSPECT OF THE VEGETABLE MATTER HITHERTO 
CONSIDERED (VEGBT. TISSUE, STARCH, GUM, 
MUCUS, AND SUGAR). 

1. Onganic substances are euch chemical combinations 
as are formed in animals and vegetables during life. 

2. But we also designate by this term those chemical 
combinations which are formed from animal and vege 
table matter, whether they are transformed with or 
without artificial assistance (products), 

3, Organic matter undergoes decomposition with re- 
markable facility. We observe such changes, — 

a.) In living animals and plants (germination, ripen- 
ing, &c., — respiration, digestion, d&c.). 

4.) In dead animals and vegetables (fermentation, 
patrefaction, decay, &c.). 

¢) In the decay of animal and vegetable matter 
{charring, burning, &c.). 

_ a) In the treatment of organic substances with acids, 
bases, do, 

4, Tn all these changes, the form only of the organie 
body disappears; the elements of which they consist 
are unchangeable; they vanish from our sight only be- 
cause they assume an acriform shape, 

5. We have not yet succeeded (with a few unim- 
portant exceptions) in preparing and imitating the or 
ganic combinations by putting together their constit- 
nent parts; we are only able to decompose them, and to 
convert the elements into new bodies. 

6. The four organogens, oxygen, hydrogen, carbon, 
and nitrogen, are the principal constituents (the ele 
mentary constituents) of all that lives and has over 
lived. A few inorganic substances only are added to 
them, as sulphur, phosphorus, potassium, eal, Se. 
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flask, pour in some water, and connect the flask by | 
means of « glass tube with a second Mask, filled about 
an inch deep with water, and let them remain ina 
moderately warm place. Insert, also, between the cork 
and the neck of the first flask, a strip of lead-paper, in 
such a manner that part of it shall hang down into the 
flask. ‘The following changes will be observed to take 
place, more rapidly at a warm, more slowly at a cold 
temperature ; — 

a.) Bubbles of gas escape from the glass tube into the 
second flask; they consist of carbonic acid (und some 
hydrogen), as may be ecen by the turbidncas which 
follows on the addition of lime-water. 

4.) The lead-paper is colored dark, a sign of sulphuret- 
ted hydrogen being generated. 

«) A pungent smell of ammonia is evolved from the 
liquid standing over the gluten, when it is heated with 
lime or potassa; conacquently ammonia has also been 
formed. 

If we compare this process of decomposition with 
that which takes place on the putrefaction of non-azo- 
tized substances (§445), we shall observe the following 
principal difference in the result: — On the putrefaction 
of albuminous substances, their nitrogen and sulphur (and 
phosphorus) combine with hydrogen, forming ammonia 
and sulphuretted hydrogen (and phosphuretied hydro 
gen). These aeriform substances are the chief cause of 
the very disagreeable odor which is given off curing the 
decay or putrefaction of azotized substances, — for In- 
stance, animal substances. During the progress of this 
decomposition, there is formed also, as in ligneous fibre, 
a brown substance resembling humus, 

However disgusting may be the products of putrefne- 

tion and decay, they nevertheless contain within them- 








ape parepptanynadbe vere ee 
exposed to the air in the moist state, is 

tcruply by the fact tas they contain five, atleslfabx'olat 
ments, and always eeveral atoms of cach, as component 
parts ($425,429). If during their decomposition they 
come in contact with non-nzotized substances, these al- 
80 are induced to enter into decomposition, — they are, 
‘as it were, infected. There follows in this connection 
that important change which sugar experiences when it 
is brought in contact with albuminous substances ina 
state of decomposition. ‘This metamorphosis, known 
under the name of spirituous fermentation, will be more 
particularly considered in the following pages. 


RETROSPECT OF THE ALRUMINOUS SUBSTANCES (Ale 
BUMEN, CASEINE, GLUTEN). 


1, The albuminous substances are characterized by 
containing, not only carbon, oxygen, and hydrogen, but 
also nitrogen and sulphur. 

2. On account of this complex nature, they ere decom- 
posed with the greatest case (fermentation, putrefaction, 


. 

2. If while they are decomposing they come in con- 
tact with other organic substances, they cange these 
also to enter into fermentation, decay, putrefaction, &e. 

4. All vegetables contain, though not always in great 
quantity, one of these substances; from this universal 
diffusion, we infer that it has an important oilice to dise 
charge; 

5. Which office consists undoubtedly in. this, that 
by means of it the growth and nourishment of plants 
may be brought about. 


» ill 
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thing from it, or giving any thing to it; its mode of 
Operation is anslogous to that of sulphuric acid, when 
the latter converts starch into sugar (§ 459), The ac- 
tion of the ferment, however, differs from that of aul- 
pharie acid just alluded to, since the ferment itself does 
het remain unchanged, but is also decomposed during 
‘the fermentation. Accordingly, two sorts of changes 
am going on by the side of each other in the fermenting 
liquids ;— 1.) that of the azotized ferment; 2.) that of 
the non-azotized sugar, ‘Che ferment always commen- 
es the change, which is continued in the sugar, as if 
the latter were infected. The process is very similar 
to what occurs in the case of a fresh apple, which be- 
gins to rot on coming in contact with one already in 
the act of rotting. 

_ Experiment. — Instead of honey, take a solution of 
white engar, and add some yeast to it; in this case the 
fermentation will not take piace so soon, since the cane« 
‘ugar must pass into grape-sugar before its decom- 
Position into alcobol and carbonic acid can commence, 
‘This transition takes place simply by the addition of 
‘one atom of water; for if one atom of water is added 
tothe cane-sugar, = C, H, O,, there ie formed C, H, O,, 
or grape-sugar. 


WINE. 


we All sweet veretable juices pass spoutancously 









fermentation without the necessity of adding to 
them a ferment, because they always contain sugar and 
the albuminous substances, as albumen, caseine, 





—Snbmit freshly expressed bect-juice to 
of about 20° of 25° C.; the juice wilh 
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ent to decompose all the sugar; the odor (the flower 
or the bouquet) is peculiarly pleasant, because, the tartar 

abundant, there is generated during the fermen- 
tation a volatile substance (ananthic eller), which pos- 
pemes a very agreeable odor. 

It is different with the grapes of the more southern 
countries, as Greece, Spain, Portugal, &. Here, in 
consequence of the higher temperature, the grapes are 
ticher in sugar, but poorer in tartar and albuminous 
‘matter. In this case the latter substance is not sofli- 
cient to effect the decomposition of all the sagar during 
the fermentation, 20 that a part of the sugar remains 
andecompored, and gives to the wine a sweet taste, 
Neither is any cenanthic ether generated, since the due 
quantity of tariar ix wanting; consequently these wines 

















‘possess no bouquet. 
486. Experiment. — If some wine is put into a retort, 
and subjected to 
as dietillation at a 
moderate heat, at 
first the more 
volatile alcohol, 
together with the 
e@nanthic ether, 
will pass over, 
A very agreeable 
smelling spirit is 
thus obtained, known in commerce under the name of 
Cogaac, or Brench brandy. In the wine countries, the 
e8 remaining after the wine is racked off are gencral- 
for this purpose, since, in the ewollen, pap-like 
‘sate into which they settle in the vats, they retain me- 
chanically a large quantity of wine. 
- 42" 
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ond fermentation, and hence the upper fermenting 
(light) beer undergoes a still farther change on being 
exposed to the air; it is the alcohol, however, which is 
now altered by the albuminous matter undergoing de- 
‘pelea it passes into vinegar, and the beer be- 


we. Se eS Re the former experiment, 
‘but coal the wort below 10° C, before adding the yeast, 
and then Ict the liquid remain in a cool place; a very 
gradual fermentation takes place, which will not be 
concluded for several weeks, perhaps even months. 
During this process, the carbonic acid is evolved in very 
small bubbles, and the yeast settles at the bottom of 
the vessel (sediment ferment, botlom yeast). ‘The beer 
thus prepared contains scarcely a trace of gluten or 
yeast, and therefore can be kept for years without be- 
coming sour; it is, moreover, richer in carbonic acid 
than that obtained by the superficial fermentation pro- 
cess, because at the lower tempertture, and by the more 
gradual elimination of carbonic acid gas, it was able to 
retain more of it. The stronger kinds of beer ( Bavarian 
beer, strong beer, &c.) are made in this way. The thick 
bottom yeast, separating during this process, acts ine 
decd as an exciter of fermentation upon the sugar, but 
far more slowly and gently than the frothy eurface yeast, 

490. The pecniiarities of the two methods of fermen- 
tation may be elucidated as follows: — 


Surface Fermentation Bottoun Fermentation 
a.) takes place at a higher temper» at a lower temperature (6= 
ature (12 ~ 20° C.); 1 C). 


3) takes place rapidly (in thros or slowly (in wix or aight woeks), 
2) 


four days); 

¢) inthiscase imperfect separetion in this cave thorough separation. of 
of the yeast by flowing over ; tho yeast by setiling. 

a.) surface yeast is finely divided —hottorn yeast ix compact and heavy. 
and frothy 














{at about 50° Tralles). After the termination of the 
experiment, the first vessel will contain phlegm; the 
second, weak spirit; and the third, very strong highly 
rectified spirit (of 70 to 80° "Tralles). 

Af you adapt to the corks of the frat two vessels a 
couple of thermometers, which shall dip into the liquid, 
you will find that the liquid in the flask boiled at the 
commencement of the experiment at 86° C., and at the 
end of the experiment at from 95 to 100° Cy while that 
contained in the second vessel commenced boiling at 
80° C,, and ended with boiling at from 85° to 90° C. 
Ti. is obvious from this that a strong spirit bolls ab a 
much lower temperature than that ab which weaker 
spirits boil. The strongest alcohol (absolute) boils at 
78° C., consequently at twenty-two degrees lower than 
water. 

494. Erperiment.— Connect with a flask a tolerably 
large glass tube, which is so bent that irs middle part 
roay have a slight inclination upwards, as is shown in 
the annexed figure; from 4, this tube is wound round 


Fig. 196, 





with moistened wick-yam, the end of which hangs 
down ata. Ata, binda sinp of doth (jeveral times 














pipes does not freeze at the temperature of our winters. 
If common alcohol is placed in an open vessel, the al- 
cohol euaporaies more rapidly than the water contained 
in it, Strong alcohol may. also attract water from 
the air, ‘Thus is explained why all spiritaous liquids 
must, when in unclosed vessels, lose strength, and be- 
come richer in water, The young chemist is frequently 
reminded of this fact in the case of the spiritdamp; it 
will not burn when it has remained exposed to the air 
for some time unprotected. Why not? ‘The spirit bi 
passed away through the wick, the phlegm remaining 


The boiling and evaporation of aleohol have already 
been treated of at §§ 493 and 494, and the combustion 
of itin §121, Alcohol contains so little carbon, that 
no soot is separated during its combustion; hence, also, 
the alcohol flame emits but a feeble light. The 
best adapted for spirit uecd in burning ia that from 75° 
to 80° Tralles; if it is weaker, all the water will not 
evaporate during the combustion, and phlegm remains 
behind. 


500, Alcohol may be mixed with water in every pro- 


ce aa 
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the heating which alwnys takes place when water and 
alcohol are mixed together. The knowledge of this fact 
is of economical importance for those merchanta who 
now frequently prepare brandy by diluting etrong spirit 
with water, since this liquid is commonly sold by 
measure. 

601. Alcohol, like water, is a solvent for many sub- 
stances, and, indeed, it not only dissolves many sub- 
stances which are also soluble in water, such as tannin, 
sugar, &e., but many others, which are insoluble or near 
ly insoluble in water, such as resins, volatile oils, doo 

Experiment. Pour into # flask, containing one dram 
of bruised gali-nuts, an ounce of water, and into anoth- 
er flask, containing the same quantity of gall-nuts, an 
ounce of alcohol; fasten over both flasks a plece of 
moistened bladder, in which some holes have been 
pierced with a needle,and set them aside for some days 
in a warm place. We obtain in both cases dark-col- 
ored, very astringent-tasting liquids (infusions and tinc- 
tures), which are to be clarified by filteation. ‘They both 
hold in solution a peculiar principle of gall-nuta, called 
tannin ot tannic acid. "The watery infusion will decom 
pose after a time, with the formation of vegetable 
mould; but not so the spirituous tincture, because al- 
cohol has the power of preventing the commencement 
of putrefaction. 

Experiment. — Prepare in the way just deseribed 
ao infusion from one dram of powdered cinnamon 
and water, A slightly colored liquid is obtained, and 
this, if evaporated on a warm stove, leaves behind an 
almost tasteless gum, which easily dissolves again in 
water. Now pour some alcohol upon the cinnamon 
that remains, and let them digest for several days; we 
shall obtain a dark-brown, fiery, spicy, and astringent- 
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tube and a receiver (see Fig. 106), close the opening 
remaining between the neck of the receiver and the 
glass tube by binding round it a piece of moistened 
bladder, in which some fine holes are picrced, and heat 
the flask carefully in a sand-bath till the contents of it 
assume a bubbling motion. Maintain the boiling of 
the liqnid till about half, or at most three quarters, of 
an ounce of the liquid is distilled over. In this experi- 
ment the liquor, as it is distilled, must be subjected to 
a powerful refrigeration, because it is extremely vola- 
tile; it is therefore advisable fo perform the experiment 
in winter, and to surround the receiver with snow, 
Care must also be taken not to bring any burning sub- 
stance too near the vapors or the liquid which pass 
over, a8 they are both exceedingly inflammable. The 
distilled, colorless liquid possesses a penetrating, pleas 
ant smell; itis called ernde ether. 

In order to purify it, shake it up in a small vesscl 
with half an ounce of water, and one dram of potasea 
lye; close the vial, and let it remain standing for an 
hour with the bottom upwards. Crode ether contains 
a mixture of water, alcobol, and frequently also, when 
the distillation is continued too long; some: 
acid; these substances combine with the 
potassa added, and form with them the hea 
layer, which settles at the bottom of the vial | 
very thin and mobile liquid floating above is ether, 
which separates, because it comports itself towards wa- | 
fer in the eame manner as oil docs, and ia dissolved by | 
it only in very small quantity. If you now loosen the 
stopper of the inverted vial, the aqueous liquid will ran | 
ont, while the ether remains behind. If the latter ie re. ) 
quired entirely pure, it must beaguin distilled or rectified. 

The most profitable way of yreyaring ether on a | 


| 
il 










CONVERSION OF ALCOHOL Into eTune S10 
Jarge seale is the following. Nine pounds of suiphurie 
| acid and five 


heated to the boiling point. While the mixture is still 
boiling, just #0 much alcohol is allowed gradually to 
Sage there is ether distilled over. One single 

sulphuric acid is then sufficient gradually 
Decaivert inks cthenthity pounds of aleohol, at nine+ 
ty per cent, or an unlimited quantity of absolute al 


ao 
is distinguished from ether merely by this, that it 
contains one atom of hydrogen and one atom of oxy- 


— atom of water, more than the 
ee estenerosintion ohiathanaon yas 


ol one atom of water, and thus the alcohol ia 

d into ether. But the process is somewhat more 

x, because there is an intermediate station —the 
te of oxide of ethyle — on the way between the 
10, alcohol and the ether. This 
complex compound, having 

the character of a salt, acts 

very differently according as 

_ it ix heated ina concentrat= 

sci ed or ina diluted condition, 

When diluted with six, or, 

with eight atoms of water, this compound 
om 120° to 140° C, and is thereby resolved 
water, and hydrated sulphuric acid; the two 
‘volatilize without combining chemically with 
and the latter remains behind. When 
ite of the oxide of ethyle is diluted with 
to tea atoms of water, it boils even at a 
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lower temperature than 130° C, and is thereby re- 


Wester 8, 


solved into alcobol and 


hydrated sulphuric acid. 
Here, too, ether and water 





hol. This is the reason why, in the Inst-mentioned 
method of preparing ether, the sulphuric acid becomes 
ineffectual after it has transformed thirty times its own 
weight of alcobol at ninety per cent. into ether; it has 
then become so diluted by the water which it has ab- 
stracted from the hydrated alcohol, that nearly nine 
atoms of water have combined with two atoms of sul- 
phurie acid, It has already been shown, in the first 
part of this work, by several experiments, how other 
bodies also, at different temperatures, evince sometimes 
stronger, sometimes a weaker atlinity for water, or, 
indeed, none at all for it. 


506, Experiments with Ether. 


a) Pour some drops of ether upon the hand; it will 
evaporate in a few moments, imparting to the band a 
perceptible feeling of coldness ($40). Ether is 20 very 
volatile that it boils when in summer it ds pat in the 
sun (at 35° C.); therefore it must always be kept in 
tightly closed bottles, and in cool phicex. 

4) Dip one piece of wood into ether, another into 
alcohol, and hold both to the flame of a candle; the 
ether 6urns with far greater briskness, and also with 
a much more luminous and a somewhat faliginous 
flame. Its stronger illuminating power is simply ex- 
plained by its containing a larger amount of carbon. 
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ever, cannot be directly produced by the mixture of 
ether with acids. Ether combines with acids ut the 
moment of formation only, or when it is liberated from 
some other combination: but after it has once been set 
free, it no longer shows any inclination to combine with 
acids. These combinations may be called salts of 
ether, or salts of oxide of ethyle, jnst:as the terms salts 
of potassa and salts of potassium are used, but theyare 
generally spoken of as kinds of ether. Most of them are 
liquid, and have a volatile, cooling taste. They are com- 
monly prepared by distilling the diflerent acids with aleo- 
hol, and often in the presence of sulphuric acid. Those 
only which are heat known will be here alluded to, 

Acetate of Oxide of Ethyle, or Acetic Ether (Ae O, 
A), is a very volatile liquid, having an agreeable odor, 
and is employed in medicine. 

Nitrite of Osvide of Ethyle, or Nitrous Ether (Ao O, 
NO,), has an agreeable odor, like that of fruit, and is 
contained, diluted with aleohol, in the spir. ate. ath. 
(sweet: spirits of nitre) of the apothecaries, which is 
known as a medicine, 

Chloride of Ethyle, or Muriatic Ether (Ac Ci), forms 
& constituent of the spirit of muriatic ether. 

Gnanthate of Oxide of Ethyle, or Gnanthie Ether 
(Ae 0, Oc), is contained in wine, and is the cause of 
the so-called bouquet of certain sorts af wine, 

Butyrate of Oxide of Ethyle,or Butyric Ether, now 
cecurs in commerce under the name of rum-ether, or 
eevenee of rom, and is used for imparting to aleohol an 
odor similar to that of ram, 


508. Organic Radicals. 


Formerly organic substances were considered ms im- 
mediate combinations of carbon, hydrogen, oxygen, 








‘The radicals of this kiod, among which may be reck- 
oned, aleo, cyanogen and ammonium, are termed com- 
pound or organic radicals. Ether belongs to the divis- 
ion of radicals forming bases. 


VII. CONVERSION OF ALCOHOL INTO 
VINEGAR. 


509. Experiment.— Mix in a glass vessel half an 
ounce of brandy with three ounces of spring-water, and 
put in the liquid a slice of leavened rye bread, or black 
bread ( Schwartzbrod), which has been previously sonked 
in strong vinegar, or instead of it a little leaven; cover 
the vessel with a piece of perforated pasteboard, and 
put it in a place where the temperature is between 
80° and 40° C,; the spirituous liquor will, after some 
weeks, be converted into vinegar. This conversion 
does not take place in a closed vessel, as the oxygen 
of the air is indispensable to the process; a great quan- 
tity of oxygen is consumed, since the formation of vine- 
gar consists in an oxidation of the alcohol by the oxygen 
of the air. Neither is any vinegar formed if you do not 
add the bread or the leaven. As the solution of sugar 
does not of itsclf pass over into alcohol, neither does 
the alcohol of itself pass over into vinegar, * But as an 
easily resolvable body (ferment, yeast, &e.) disposes 
sugar to enter into decomposition simultaneonsly with 
itself, so also acid bodies, that may be easily decom- 
posed, such as black bread, leaven, vinegar, Ke, are 
able to bring the alcohol into that state in which it ab- 
sorbs oxygen. The mode of action of these substances, 

hich are called vinegar ferments, resembles that of the 
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But it is now known that no evolution of gas takes 
place during the conversion of alcohol into vinegur. 

610. Bxperiment.— Fill two tumblers loosely with 
the stalks of grapes, and fill one entirely and the other 
only half fall with wine, beer, or a mixture consist- 
ing of one part of brandy, one part of beer, and six 
parts of water. Pat both vessels in a warm place, and 
onee or twice every day pour the mixture from one 
vessel into the other, so that each may be alternately 
full and only half fall of the liquid. The alcohol con- 
tained in the brandy will, in this manner, be mach 
more rapidly oxidized into vinegar, because the liquid 
adhering to the grape-stalks is, in this state of fine di- 
vision, surrounded by air, and thas has a far better op. 
portunity of attracting oxygen from the latter. The 
effervescence taking place at the commencement was 
owing to the sugar contained in the beer and the 

, and which was first converted into aloo 
hol nnd carbonic acid. ‘The aleohol thus formed was 
likewise afterwards changed into vinegar, and this Is 
the reason why the vinegar thas produced is more acid, 
that is, richer in acetic acid, than that obtained by the 
former experiment. 

SLL. Quick Method of malcing Vinegar.— The tran- 
sition of alcohol into acetic acid takes place yet more 
mpidly by subdividing the aleohol still further, or by 
exposing @ still greater surface of the liquid to the alr 
than in the way just described. This is effected in 
the following manner. 

A tub four or five yards high is filled with shavings 
of beech-wood, and is furnished with a perforated 
shelf, which Is placed somewhat below the upper 
opening. Through each of the small holes a stmw or 
a picce of packthread is parsed, prevented from faliog, 
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such a tub (vinegar-generator), heated brandy, bees, 
wine, &e. may be converted into vinegar in a few 
hours, by being passed through the cask three or four 
times; hence this is called the quick method of making 


vinegar. 

512, Explanation of the Process of forming Vinegar. 
— Tn order to convert aleohol into vinegar, four atoms 
of oxygen must enter into combination with one atom 
of alcohol, From one atom of alcohol and four at- 
oms of oxygen, = C, H, O, 4 O,are formed one atom 
‘of acetic ncid and three atoms of water, = C, H, O, + 
3HO. The alcohol is accordingly oxidized into acetic 
acid and water. 

‘This process may be regarded as a slow and imper- 
fect combustion, and we shall here also find confirmed 
what was stated of the combustion of wood in the air 
(§120), and of the combustion of sugar by nitrie acid 
($196) ; namely, that the easily combustible and easily 
oxidized hydrogen combines with the oxygen before the 
difficaltly combustible carbon does. Here, as is ob+ 
vious, none of the carbon of the alcohol is consumed, 
but one half of its hydrogen is consumed or oxidized by 
the oxygen of the air, one atom of oxygen, moreover, 
being taken from the air. 

Aldehyde.— We have thas far considered only the 
starting point (alcohol) and the extreme point (acetic 
acid) of the process ofthe formation of vinegar; but 
half way between these two there is a peculiar com- 
pound, which may be regarded as halfconverted alco- 
hol, or half-made vinegar. It is formed from the aleo- 
hol when two atoms of oxygen enter into combination 
with it, thereby converting two atoms of its hydrogen 
into water. The name aldehyde (that is, al alcohol, 

de- from which, hyd- hydrogen is taken’) bas oeen goven. 
to it. 
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513. Acelyle.— Aldehyde and acetic acid may, like 
ether and alcohol, be regarded as combinations of an 
organic radical. This tdical is called acetyle (Ac), ane 
it is assumed to be composed of four-atorms of earbon 
and three atoms of hydrogen (C, HL). Pen 
aldehyde (C, H, O,) is the same as by 
acetyle (Ac +-O-4 HO); acetic Sua Gauayia ates 
same as oxide of acetyle (Ac +30). 

Acetyle belongs to the class of radicals forming 
acids. 


51d. Properties of Vinezar.— Vinegar is an acetic 
acid diluted with much water, and frequently mixed 
also with foreign substances, which it obtains from the 
malt, fruit, wine, &c., from which it is prepared. ‘The 
esteemed yellow or brownish color is often imparted to 
it artificially by burnt sugar, or extract of 
PEP chicory. ‘The vinegar which occurs in 
commerce under the name of wood-spirit 
contains in every hundred measures from 
eight to twelve measures of acetic acid, 
wine-vinegar from six to eight, and com- 
mon table vinegar only from two to five; 
the rest is water. In order to ascertain 
the strength of vinegar, we adopt @ course 
similar to thnt used in testing carbonate 
of potasea ($202); that is, we examine 
how much of some base (ammonia is the 
best) a fixed quantity of it is able to nen 
tralize. Glass cylindrical juns, constracted for this pur= 
pose, and divided into degrees, are called acefometers. 
If vinegar is allowed to remain for some time exposed 
to the air, it begins to decornpose (to putrefy), and so 
zauch the more readily the weaker it is, ‘This is indi- 
cuted sometimes by a white fina (mowld), semen oy 


Pest ters we 
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CONVERSION OF SUGAR INTO LACTIC AND DUTYRIC 
ACIDS. 


515. If an open vessel, containing some expressed 
juice of the beet, is pat in a warm place, where it will 
be heated to between 30° and 40° C,, the bect-juice will 
enter into fermentation, in the same manner as in 
§482; but when the fermentation is finikhed, notwith- 
standing that all the sugar has disappeared, we do not 
find any alcohol in the fermented liquid, but a peculine 
acid (lactic acid), and a mucilaginous gummy sub- 
stance. ‘This process of decomposition bas been called 
mucilaginous fermentation; it very remarkably illus- 
trates the extremely different kinds of decomposition 
of one and the same organic substance, according to 
the temperature at which the decomposition takes 
place. Ata temperstare of from 10° to 20° C, the 
beet-juice entered into spirituous fermentation, and its 
sugar was resolved into carbonic acid and alcohol; ata 
higher temperature it likewise fermented, but in this 
case the sugar is converted into carbonic acid, lactic 
acid, gam, and some other products, 

‘The sngar contained in many vegetable eubstances 
likewise undergoes a similar change, when these are 
mixed with salt, and kept for some time in a compressed 
state. ‘Tho acid taste which we perceive in pickled 
cabbage, beans, gherkins, &c., is owing principally to 
lactic acid, which is formed in these substances in a 
way not yet thoroughly investigated. 

But beside this acid, we frequently find in the above+ 
mentioned pickles another, called butyric acid, which 
imparts to them their peculiar odor. ‘This acid, it 
seems, may also be produced by the metamorphosis 
of vegetable mucus, for it i# always generated axon 














finely pulverized bicarbonate of soda, and a dram and a 
half of dour, and knead the mixture into a dough with 
one dram of water, to which four drops of common 
murintic acid have previously been added, Let the 
dough remain for some time in a warm place, and then 
bake It on the hot flae of a stove, or in a spoon over 
an alcohol lamp. A porous mass of bread is obtained, 
because the carbonic acid of the soda salt is expelled 
by the muriatic ncid, and raises the dough while it is 
yet eoft. ‘The common salt which is formed remains 
behind in the bread, and imparts to it a saline taste. 
‘This method bas been introduced in many places for 
making bread, cake, &e. on a barge scale, 
Experiment.— Rab a dram and a half of flour with 
some grains of carbonate of ammonia, and then knead 
it with a dram of inkewarm water into a dough, and 
treat it as in the last experiment, In this case, also, the 
mags will beeome light and porous after the rising and 
baking, beeause the carbonate of ammonia (salt of 
hartshorn) is rendered acriform by the heat, and daring 
its escape the particles of the dough are forced asunder. 
In this way the bakers usually prepare their light and 
spongy cakes, as, for instance, spice-cakes, &e. Aloo- 
hol and rem, which are sometimes kneaded with dough 
to promote the rising, act in a similar way. 


RETROSPECT OF THE CHANGES OF SUGAR AND 
ALCONOL, 


1. Sugar is converted, — 
a) By the loss of oxygen and hydrogen, into water 
and brown substances rich in carbon. 
4,) By the addition of oxygen, into saccharic acid, 
oxalic acid, and water, ani fnadly Who carbonic acid 
and water. 
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7. The last products of this process of oxidation are 
consequently those into which the alcohol passes when 
it burns up, namely, carbonic acid and water, 

§ Sugar belongs to the organic compounds rich in 
carbon, alcohol to those rich in hydrogen, acetic and the 
other acids to those rich in oxygen. 





IX FATS AND PAT OILS. 


620. Erperiment.— Break open an almond, and 
squeeze the white meat together by means of the finger 
nail; small drops of fluid will be expressed, which are 
slippery to the touch, and render blotting-paper greney 
and transparent. This liquid is called oi! of almonds. 
If the almonds sve first pounded, and then subjected in 
acloth to strong pressure, we shall obtain more: thea 
one fourth of their weight in oil of almonds A great 
many planty contain a similar oily juice, especially in 
their sceds, and from many of the latter oils are ob- 
tained by pounding and expressing. ‘The term fat oils 
has been given to this kind of oils, because they are 
unctuous to the touch, and thick flowing: They occur, 
bot less abundantly, in almost all plants, even in those 
where we sbould not expect to find any; for instance, 
in different grains, grasses, &e. 

521, Ezperiment.— Boil some fat pork cut up into 
small pieces for some time in a little water, and 
while the soft mass is yet hot, strain it through a linen 
cloth; a fat oil will float on the surface, but it is fluid 
only at a temperature of about 30° C.; below this tem- 
peratare it congeals into a eolid, yet soft, white sub- 
stance. ‘This is ulso lubricating to the tous, and yee 


a cal 








appear, however long the paper may be heated, since 
the fats are not volatile. 

Fats not only spread with great ease on paper, but 
also on all other porous substances ; as, for instance, on 
wood, leather, &c. Since the fats remain soft for a long 
time in the interior of these substances, we possess in 
them means for rendering flexible substances eupple, 
and of maintaining them in this state. For this reason, 
leather harnesses and shoes are greased from time to 
times and for the sume reason, also, the leather-dresser 

his lamb-skins with fish oil in the fulling- 
mill, to give them greater softness and pliability when 
they are worked up into gloves, &e. That clay and 
Joam have a great power of absorbing fat is obvious, 
as these substances are able to draw ont again the | 
grease that has been soaked into wood or paper. ‘Thin 
substances acquire a greater transparency when their 
pores are filled with fat instead of air; common paper 
is rendered in thie way so transparent, that it may be 
used for tracing and for transparencies, 

24. The fate float upon water; they have accordingly 
a less specific weight than water. Omaccountof this 
property, they may be used for excluding air from other 
bodies. A. solution of green vitriol speedily. attracts 
oxygen from the air, and deposits brown hydiuted sea 
quioxide of iron (§ 285); but it remains unchanged when 
it is covered with an oily film. Freshly expressed lemon- 
juice soon moulds in the air; it dors not mould under 
acovering of oil. Preserved fruits keep much longer 
when melted butter is poured over them. 

Fate are insoluble in water ; henoc they may be used 
for protecting other bodies from being penetrated by 
water. By greasing with tallow or fat, we render our 

shoe-leather impervious to moisture, Wy cling, we. goa 


il 








538 VEGETABLE MATTER. 


626. Drying Oils and Unetwous Oils. — 

Rub upon a copper coin a drop of linseed oil, apa 
another a drop of olive oil, and let them both remain 
for several days in a warm place; the linseed oil will 
dry up into n resinous solid mass, while the olive oil 
will remain greasy. All oils absorb oxygen from the 
air, and become thereby thicker, and also acquire a 
disagreeable smell and taste (rancid); but there is an 
esgential difference between them, as many oils beeome 
perfectly hard and dry, while others, on the contrary, 
remain soft and sticky. Accordingly, oils are divided 
into two classes, into drying and wactuows oils. The 
former may also be called varnish oils, ws they are par 
ticularly adapted for varnishing. 'The latter are called 
unctuous oils, because, when it is desired to prevent, 
by means of grease, the friction and heating of solid 
bodies, theve oils remain soft and unctuous much longer 
than the drying oils. 

527. By the absorption and condensation of oxygen 
taking place on the drying of oils, heat musi be liberat- 
ed, as in every condensation of an acriform body toa 
Tiquid condition. Under some circumstances, as when 
freshly oiled or varnished eubstances, euch as wool, 
linen, &e., are closely heaped together in large mazsus, 
this heat rises to such a degree, that spontaneous com- 
dustion occurs; therefore it is not pradent to lay suck 
articles too ¢losely upon each other, before they have 
become thoroughly dry. 


CHANGES OF FAT BY HEAT. 


528, Experiment.— Heat some linseed oil over an 
aleohol flame, and test the temperature of it oocasion- 
ally by a thermometer. Nt fret Whe weal caqtly wises to 








quenched with water; but the quenching may be done 
ensily and without danger, if the vessel is covered with 
a board or a picce of shect-iron, thus excluding the 
air, which is requisite for continued combustion. 

531. As in wood (§120), 80 also in fats, the hydro- 
gen burns more briskly than the carbon, and this is 
the reason why the partly burnt oil remaining after the 
extinction is richer in carbon, and bas a darker color. 
An empyreumatic oil of this kind is kept by the Buro- 
pean apothocarics, under the name of oi! of bricks, or 
philosophic oil. On yet further heating, the linseed 
oil becomes continually blacker, and at the same time 
thicker, so that it finally acquires « viseid consistency, 
{factitious birdlime), and when mixed with soot forms 
the basis of the important printingsinde. 


COMPOSITION OF FATS. 


632. The similarity in the combnstion of fats and 
wood indicates that they have a similar constitution. 
Indeed, both bodies possess the same constituents, name- 
ly, carbon, hydrogen, and oxygen ; the difference depends , 
only upon the quantity; the fats contain, namely, more 

hydrogen and less oxygen \han wood. They accord 


i “ 









‘FATS AND FAT 1s. oa 


© Site liana Slee aii 
‘ether, —to that of the organic bodies which are 
water. 

Steorine and Olrine.— We cannot, however, 
regard fats, ike woody fibre or alcohol, as homogene- 
ous bodies, but as mixtures of several more simple kinds 
of fat, into which the fats, without being chemically 
decomposed, may be separated. 

‘Beeperiment. — If, during the winter, you place a ves- 
sel containing lamp oil in the cold, part of it will con- 
geal into a solid mass, like tallow, while the other 
part remains fluid ; the oil is accordingly separated by 
the cold into two fats, one solid and one fluid. The 
solid fat tins received the name of séarine, the fluid 
that of olzine. By repeated cooling, the greater 

‘the stearine may be separated from the oil. 

‘“stearine obtained is pressed between blotting. 

miper as long as the paper absorbs any liquid oil 















‘vinl, in such a manner a to form two 
handles, by means of which the vial 
may be suspended in a jar, which is 
then half filled with water, and heated 
upon a tripod. Put into the vial one 
dram of tallow and enough strong al- 
cohol — absolute alcohol is the best — 
to fill it three quarters full. When the 
the vial boil, remove the lamp, and leave 
the water-bath, till the melted tallow has 
at the bottom, and then pour the hot su- 
o into a beaker-glas. Repeat the 
four times, with fresh alcohol. Let the 
‘oe hours in cold water, covered 
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over; afterwards filter the liquid from the granular 
powder that has separated, wash the powder several 
times with cold alcohol, and dry it in am airy 

This mass, which, when dry, x laminated and slightly 
lustrous, is the stearine of mutton-tallow; the oleine 
must be sought for in the filtered alcohol. It remains 
behind, in the form of a somewhat thick oil, when the 
alcohol is allowed to evaporate ina cup in a warm 
place. 

As is obvious from these experiments, stearine and 
oleine form the approximate constituents of fat, and this 
is the reason why some fats are hard, some soft, und 
others liquid; the solid stearine predominates in the 
former, the fluid oleine in the latter. Pure stearine be- 
gins to melt at 60°C, pure olcine begins to solidify 
only at a very low tempersture. One pound of mut 
ton contains about three quarters of a pound of stea- 
rine; one pound of olive oil birely a quarter of a 
pound. 

‘The following are amongsthe most important fats:— 


A. VEGETABLE FATS. 
«. Drying Oils (Varnish Oils), 

534, Linsced Oit.—'The well-known linsoed yields, 
on being subjected to pressure, a yellow oil, equal to 
one fifth of its own weight, which is gradually bleached 
by long exposure to the sunlight. It is most frequently 
nsed in oil varnishes, 

Experiment.— Add to an ounce of linseed oil a quar- 
ter of w dram of litharge, and half a dram of acetate of 
lead; put the mixture in a warm place, and frequently 
shake it. The liquid, clarified by settling, now dries 

much quicker than it would have done odlores Wi the | 
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its slimy parts. This is done, not by oxide of lead, but 
by sulphuric acid, 

Experiment, — Mix one ounce of crude rape oil with 
eight drops of common eulphurie acid, and shake it 
frequently ; in half an bour add half an ounce of water, 
again shake the mixture briskly, and set it aside for 
some days, when the oil floating on the surface will be 
freed from slime (refined). ‘I'he slimy parts, charred by 
the sulphuric acid, and rendered insoluble, are found 
settled in the water at the bottom of the vessel. ‘The 
sulphuric acid yet adhering to the oil is removed by re« 
peated washing with water, Sulphuric acid chara, as 
is known, all organic substances (§173), some (for 
inetance mucilage) easily, others (for instance oil) with 
difficulty; if just enough sulphuric acid, therefore, is 
added to the oil to char the mucilage, then the muck 
luge only is destroyed, and the oil remains undecom- 
posed. A larger quantity of sulphuric acid would ako 
attack the oil. 

Olive oil is pressed out from the pulp of olives, the 
fruit of the olive-tree. The finest cold-pressed Pron 
ence vil is of » bright yellow color, the hot-pressed 
common olive oil is greenish; these two sorts arc, as is 
well known, universally used as a table condiment, 
and for greasing machinery. There is o thicker, darker 
kind, of an inferior quality, which is used in France 
and Italy for the manufacture of the so-called Naples 
or Marseilles soap. 

Oil of almonds is obtained by eubjecting sweet 
almonds to pressure. Bitter almonds also yield by 
cold pressure a good oil of almonds, while by hot pres- 
sure an oil is obtained containing prassic acid. 

Oils are obtained also from huzle-nuts, beech-nuts, 

plum and cherry stones, apyle-serds, Se. 
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537. Fish oil is tried ont from the fat of whales, 
dolphins, seals, and different fishes. The fat, when 
melted out ata moderate heat, has a yellow color, 
and a slight odor, which is not disagreeable; but that 
which is obtained by etrong beat, or from fishes that 
have become putrid, is of 1 dark-brown color, and has 
a very disagreeable odor. Fish oil is preferred for 
greasing leather; it is likewise used in medicine and 
in the preparation of the black oil-soap, 

638. Spermaceti is white, sparkling, and so bard that 
it may be rabbed into a powder, and is found inclosed 
in special cavities in the head of the aperm-whale. 

539, Wax (cera) oceurs in small quantities in all 
plants, especially in the shining coating of the leaves, 
stalks, and fruits; for instance, in the skins of ap- 
ples, and particularly in the pollen of flowers, Some 
plants of Japan and South America contain so much 
wax that it may be separated by boiling with water 
and by pressure, and it is then introduced into com- 
merce under the name of vegetable or Japan wax. But 
the purveyors of our common wax are the bees, who 
gather it from the flowers, and use it in the building of 
their cells, ‘These insects may, perhape, make their 
wax in part alzo from the sweet juices of the plants on 
which they feed, for accurate experiments have proved 
that becs have the capacity of exuding from their 
abdominal sacs the sugar upon whieh they feed, eonr 
verted into wax. The yellow wax is bleached by ent 
ting it into shavings, exposing them to the sun, and 
frequently watering them, ‘The yellow wax melts at 
62? C., the white wax at 70°C, Wax is not only used 
for imparting stiffness to thread, and in the manufacture 
of candles, but when diszolved in potash lye it forms 
the so-called wax-soap, employed lor Qsing w Qowe to 
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and for polishing floors, and when 
mixed with oils is made into plasters and ointments 
{eerates). Paper immersed in hot wax forms a good 
material for covering veseels, to protect them from 
moieture. Turpentine is added to wax, in order to ren- 
der it more pliant and tougher, as we find it in wax 
‘candles, and in the wax used for grafting trees. 


FATS AND ALKALIES (SO0AP3). 


GAO. Hard Soap. — Experiment. — Make first a strong: 
me a lye vith one dram of caustic soda 

= of commerce and one ounce of wa- 

ter, and next, weak lye, with one 
dram of caustic soda and two oun- 
ces of water. Boil the latter gently 
with an ounce and a half of beef 
tallow, for half an hour, in a vessel 
only half filled with the mixture, and 
then add the strong lye gradually while the boiling 
‘continues. The fat and lye unite by degrees to a uni- 
form mass, of a gluey consistency, which after a time 
‘Decornes thick and frothy. If a drop of this, when 
‘Pressed between the fingers, presents firm white flakes, 
‘then add half an ounce of common salt, boil for some 
“minutes, and let the whole mags quietly cool We 
a firm mass (soap) and a watery liquid, in 

s common salt and some free soc reemain die 
polred (under lye). If the soap, when boiled with 
forms a turbid solution, it contains still some 
onified tallow, in which cape add to it some weak 
continue boiling until the sample gives a clear 

ition in water; add again some table salt, and let it 








os VROEVABLE MATTER 


composition as common kouse-seap, More recently, 
palm oil or cocowmut oil has been used partly or em 
tirely to supply the place of tallow, the palm oil be- 
cause it is cheaper than tallow, and the cocon-nut oil 
because it communicates to the soap the property of 
forming a strong lather. 

Experiment.— Repeat the former experiment, using 
olive oil instead of tallow; hard soap is likewise ob- 
tained (olive oil or Marscilles soap). 

541. Soft Soap. — Experiment. — Prepare again some 
oil-soap, as above described, but instead of soda use 
potazea lye, which is prepared from caustic potagea and 
water, and omit the addition of common salt; the giu+ 
tinous mass does not hereby pass by boiling into a hard 
soap, but, after a sufficient evapomtion of the water, 
yields a soft mass (soft soap or potassa soup). This 
kind of soap is frequently employed in cotton factories 
for the cleansing of colored fabrics, I whale oil, hemp: 
seed oil or Linseed oil is used instead of olive cil, a darker- 
colored soft soap is obtained, which is usually colored 
green by indigo and turmeric (green and black soap). 

Ammonia acts far more feebly than potassa and so- 
dium upon fats. If some of the unctuous oils ave 
shaken up with ammonia, thick white mixtures, dni 
ments, are obtained, which are often applied by friction 
to the skin. 

Hard soaps are formed from fats by soda, soft soups 
by potassa, The chemical process taking place in both 
cases may be explained as follows. 

542, Fat Acids.— The fats, as was shown in § 533, 
consist of several simple, sometimes solid, sometimes: 
flaid, kinds of fat,—among which the solid stearine 
nnd the uid oleine are especially predominant. ‘These 

proximate constituents of the watorl fais may ve re. 


Ls 
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takes place, not even on boiling, for soap is insoluble in 
salt water, and likewise in strong lye; therefore, soap 
may be precipitated from a solution in water by the 
addition of common salt. ‘This method of separation 
is ueaally employed on a large scale, since it yields a 
purer soap than when the water is removed by evapo- 
ration; for, in the latter case, hydrated oxide of gly- 
ceryle, surplus of lye, and perhaps, also, some impurities 
contained in the lye or fat, remain mixed with the soap, 
while by the former method they are dissolved in the 
liquid (under lye). 

614. Conversion of Potassa Soap into Soda Soap.— 
Experiment. — Dissolve some of the soft soap obtained 
in § 541 in boiling water, and sprinkle in some salt; 
the soap separates, and collects upon the surface of the 
water, yet, when cold, it will no longer be soft, bat 
hard. he salt here acts in another manner; it occa- 
sions an interchange of the constitucnt parts; namely, 
from fat acids with potassa and chloride of sodinm are 
formed fat acide with soda and chloride of potassium 
(oda soap). 

Soap-makers aften proceed in this way on a large 
scale; they make a caustic potassa lye of wood-ashes 
and lime (lye of wood-ashes), boil it with fat, and final- 
ly convert the soft potassa soap obtained into hard 
soda soap, by means of common salt. 


SOAP AND ACIDS. 


545. Erperiment.— Dissolve some of the hard soda 
soap in hot water, and add to it vinegar by drops until 
a turbidness ensues, Vinegar, and other acids, are 
stronger than the fat acids; therefore, they withdraw 

from the latter the base, and the fot acids ate sek 
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with camphor and ammonia, is called opodeidoe. The 
white stars separating from this consist of crystallized 
stearate of soda, All soaps prepared from solid fats 
(rich in stearine) behave like tallow soap. 

Experiment. — Dissolve one dram of Naples soap in 
half an ounce of alcohol; this solution does not cougu- 
late on cooling; it forms the tincture of soap. By 
evaporation, a diaphanous soap is obtained (éranspanent 
soap). All the soaps made from the fluid fats (rieh in 
oleine) act like the Naples soap. 

550, Insoluble Soaps, — Experiment.— Uf some lime~ 
water is added toa solution of soap in water, a pre- 
cipitate of inzoluble lime eoap is formed; hence is ex- 
plained why spring-water, which generally contains 
lime (hard water), neither dissolves soap nor lathers 
with it, and accordingly cannot be used for washing, 

Experinent.— By adding acetate of lead ($337) toa 
solution of Naples soap in hot water, as long as a pre- 
cipitate is formed, we obtain, by double elective alfinity, 
acetate of soda, which remains dissolved, and a com- 
pound of fat acid with oxide of lead, which separates 
as'a white, adhesive mass, that may be kneaded with 
the moist hands, und formed into rolls (lead soap or 
lead plaster). From the compound of fat acid and 
soda, and from the acetate of lead, are formed a com- 
pound of fat acid with oxide of lead (lead plaster) and 
acetate of soda. 

Tn pharmaceutic laboratories, this plaster, generally 
known under the name of diachylon, is prepared in a 
different manner, namely, by boiling litharge with olive 
oil and some water. By this nethod oxide of glyceryle: 
is readily obtained, and in larger quantities, as a secon 
dary product; the plaster mate has oaly to be washed 

with hot water, and the water evaporated alter Mie ate 
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behind congeals to a solid mass (resin). A strong: 
smelling, colorless liquid, a volatile oil, commonly 
known under the name of oi! of turpentine, floats on 
the surface of the water distilled over. Turpentine, 
a juice which exades from pines, larches, and other 
trees, when the inner bark is cut through, is necord. 
ingly a mixture of resin and oil of turpentine; the 
latter is converted by heat, simultanconsly with the 
water, into steam, and on cooling is again condensed 
to a liquid. 

Experiment. — Distil in the same manner half an 
ounce of cum. 
in-seeds (which 
have been pre- 
viously braised 
in @ mortar), in 
a retort contain- 
ing four ounces 
of water, until 
two onnces of 
water have passed over. The drops Hoating upon the 
water are likewise a volatile oil, oi! of cumin; they 
have the smell and taste of the cumin-seeds, batin 
stronger degree, while the residue remaining in the re- 
tort hns scarcely the least smell or taste of them. All 
volatile oils possess a burning taste, and are somewhat 
harsh to the touch; but the fat oile have a mild taste 
and an unctuous feeling. 


ne mi. 
~ 





~ 


DIFFERENT KINDS OF VOLATILE OILS. 


552. Whenever we perceive an odor in a plant, we 
may presume that a volatile oil is present, which grad- 
ually evaporates, But ow \eredihy ANitosed ak 


—— 
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contains prassic acid, and consequently is very poi- 
sonous. 

Oil of teustard, yellowish, of an extremely pungent 
emnell, causing lachrymation; contains sulphar, 

Oil of juniper, colorless; contains no oxygen. 

Laurel oil, white or yellow; a thick fuid. 

Oil of savin, colorless or yellowish; « thin fluid ; con- 
tains no oxygen. 

Oil of parsley, pale yellow; on being shaken with 
‘water, separates into a light volatile oil, and into a 
heavy, solid, orystalline oil. 

Oil of lemons, from Jemon-peels, contalns no oxygen. 

Oil of orange-peel likewite contains no oxygen. 

Oil of bergamot, from the rind of the bergamot 
orange, a pale yellow, very thin liquid. 

¢) From the leaves and branches :— 

Oil of the curled leaf mint (Nontha crispa), colortess 
or yellowish ; becomes brown with age. 

Oil of peppermint, colorless or yellowish, x very thin 
liquid, now frequently exported to Europe from Amer 
ica. 

Oil of balm, pale yellow, has an odor like that of 
lemons, 


Oil of marjoram, yellowish or brownish. 

Oit of thyme, when fresh, yellowish or greenish ; when 
old, brownish-red. 

Oit of sage, when fresh, yellowish or greenish; when 
old, brownish-red. 

Oil of wormwood, dark green; soon becomes brown 
or yellow, and viseous in the light. 

Oit of rosemary (ol. anthes), colorless und very thin, 
is, next to the oil of turpentine, the cheapest volatile 
oil. 

Chjepnt oil, from the leaxes of a tree growing me 
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Moloceas; the oil, when pure, is colorless; the crade 
eee aes and-often contains camphor; it 
odor. 


a camphorated 
Oil of rue, pale yellow, or greeniah. 

Oil of cimamon, yellow ; soon becomes brown in the 
air; heavier than water. 

Oil of turpentine, the most common of the volatile 

ils, in contained in all our fir-trees, and exudes from 
them, mixed with resin, us turpentine ($568). When 
parified, it is colorless and thin, and has an agreeable, 
penetrating odor; it contains no oxygen. An ordinary 
sort, possessing a disagreeable empyreumatic odor, ob- 
tained in the preparation of pitch from pine resin, is 
emde oil of turpentine. 
‘occurs in commerce as a solid white, crys 
talline, odoriferons mass, prepared by distillation with 
‘Water, or by sublimation from the wood of the camphor+ 
at Indies. 


Oil of valerian, pale yellow, or greenish ; becomes 
‘mapidly brown and viscous on exposure to the air. 

It is very remarkable, that we eometimes find several 
sorts of oil In one and the same plant. Thus, for ex- 
ample, we find in the orangectres three different kinds 
“oil; one in the leaves, another in the blossom, and a 
third in the rind of the fruit. 

S54, Ferment Oils. — Experiment.— lf water is 
poured on the contaury-plant (Erythrea centaurium), 
and it is left in a warm place until fermentation com- 
“very penetriting odor is evolved from the 

‘were previously scentless ; the odor pro= 
yolatile oil, which was generated during, 

Jo a similar manner, the free, souk 
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less leaves of the tobacco-plant obtain the well-known | 
nicotian odor by the so-called sweating process. Oils 
of this kind, which may be generated by fermentation 
from many other odorless plants, are called ferment oils, 

In the brandy-distilleries there is evolved also, on the 
fermentation of potatoes and grain, a disagreeably- 
smelling oil (fusel oil), which partly distile over with 
the brandy or spirit, and imparts to these liquids the 
fasel taste and smell. On filtering through eharconl, it 
remains behind in the pores of the latter. 

555. Empyreumatic Oils. — Finally, oily volatile sub- 
stances are produced by the dry distillation of vegetable 
and animal matter; for instance, oil of wood-tar from 
wood, coal oil from pit-coal, animal oll from bones, oil 
of amber from amber, &e. They are all distinguished 
by an exceedingly disagreeable odor, and are mixtures 
of various volatile substances. They are called enypy- 
reumatic oils, 

Roek oil, or petroleum (nérpos, rock), is of a similar 
nature; it oozes out from the earth in many places in 
Asia, where it is formed in a manner as yet unknown 
tous. The red color of the oil occurring in commerce 
is given to it by the addition of alkanet-root. 


PROXIMATE COXSTITUENTS OF THE VOLATILE OILS. 


556, All these oils are volatile at average temper- 
atures, except camphor, which begins to melt at the 
temperature of 175° C.; but below this temperature 
forms a white, solid, crystalline mass. If the volatile 
oils are cooled, there is frequently separated from them 
a beautifully crystallized, solid, white, camphor-like eab- 
stance, which has been called stearoplene, in opposition 
to the liquid portions thet remain, ~whien are eaihed 
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tleoptene. Accordingly, the volatile oils, like the fats, 
a of two proximate constituents, one of which 

fas solid and crystallized, but the other 
eivesanacs. Many oils —for instance, the olla of 
fose and anise-sced—are so rich in stearoptene, that, 
when kept in cool cellars, they congeal into a nearly 
‘solid mass, 


ELEMENTARY CONSTITUENTS OF ‘THY VOLATILE OILS. 


“657, The volatile oils aro divided into three classes, 
according to the elements of which they are com- 


poeeds— 

@.) Into the non-oxygenated oils (having two ele- 
ments); these consist only of carbon and hydrogen 
meer eoeesesshey sonst svgxriod ee. cmoensed il- 
Jaminating-gas. ‘To this class belong rock oil and oils 
‘of turpentine, juniper, savin, lemons, &<. 

_b) Into oxyrenated oils (having three elements), 
which, beside carbon and Aydrogen, contain also oxy- 
gen (C,H,O); most of the other volatile oils have 
this constitution, 

6) Into andphnretted oils, which are composed of 
carbon, hydrogen, and sulphur (sometimes with and 
sometimes without mitrogen). ‘The oils of this class are 
distinguished by a very pungent smell, causing lachry- 
‘mation, and by a great ucridity, raising blisters on the 
skin when bronght in contact with it. The oils of 
mustard, horseradish, seurvy-grass, garlic, hops, Ke 
‘belong to this class. 

clements, hydrogen (as regards the number 
i commonly predominates; hence, the volatile 
oils are usually reckoned among the organic substances 
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PROPERTIES OF THE VOLATILE OILS. 


668. Experiment.— Pour a drop of some volatile oil 
upon a shect of paper, and let it remain exposed to the 
air; the paper at first receives an apparent greasespot, 
but this disappears after a time, because the oil gradu- 
ally evaporatez, The name volatile or ethereal oil thus 
explains itself; and the disappearance of camphor, on 
being exposed to the air, is owing to this volatileness. 

If the oiled paper is placed upon a warm stove, the 
evaporation takes place much more rapidly. Aromatic 
oils are employed in this way for perfaming apartments, 
Usually a quantity of flowers, wood, and rinds, finely 
cut op, are moistened with the oil, and scattered as a 
Sumigrating powder wpon the stove. 

669. Experiment.— Heat a quarter of an ounce of 
oil of turpentine in a vessel to boiling. A thermometer 
introduced into the liquid will indicate a temperature 
of about 150°C.; oil of turpentine accordingly re- 
quires half as much again heat for boiling as water. 
Other oils often boil with even more difficulty. The 
vapor may be inflamed by a taper, when it will bura 
with an intense sooty flame; it is easily extinguished 
by covering the vessel with a board, but water must on 
no account be employed for extinguishing burning oils. 
Then remove the oil from the fire; after it is cold, 
mix it with some water, and again heat it; as long ns 
any water is preset, the temperature of the dlaid will 
not rise above 100°C. The ascending vapor is a mix- 
tore of acriform water and acriform oil, The same 
thing occurs here a8 previously mentioned; the less vol. 
atile oil evaporates with the more easily volatile water. 
The oils remain unchanged at the boiling point of 

water, but at their own boiling point (ANP WAP S), 
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they become not unfrequently somewhat empyreumat- 









ie; this is the reason why water is always added in 
the preparation of oils, and also in the redistillation of 


them (rectification). 

660. Experiment.—TInoflame some drops of oil of ture 
pentine put apon a shaving, and also a piece of cam- 
phor Inid upon water; both bodies will ignite, and bum 
with a highly laminous wnd sooty fame. The volatile 
oils are far more ensily combustible than the fat oils, 
Which in order to burn with a flame must be heated to 
350°C. We lave consequently in oil of turpentine a 
convenient means for specdily lighting oillamps; it 
being merely necessary to smear the wick with a few 
drops of it. 













— Pour a mixture of half an ounce of 
‘absolute alcohol with half a dram of oil of turpentine 
ea the mixtare gives, when lighted, 
laminating, bat no longer a sooty flame, 
‘the carbon of the oil of turpentine is convert 
ert heat of the burning alcohol, rich in hydrogen, 
into ilnminating ges, and then into carbonic acid (and 
water). This mixture is now used in lamps construct: 
BiGr ithe purpose, and which are so made that the 
in them, and the vapor ignites as it 
several small openings. 
“881. Volatile Oils and Water. — Experiment. — Drop 
some oil of cumin upon water; the oil floats on the 
. ‘mixing with the water, for most of the 
oils are lighter than water; but there are some, 
sich as oil of cinnamon, oll of cloves, and oil of bit- 
which are heavier than water, and sink 











is briskly shaken, the water becomes, 
nid, be the of] is thus divided into armall, wri 
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ible globules, which are kept suspended in the water. 
The water may be again clarified by filtration, but it 
retains the emell and taste of the oil, since small 
quantity of it remains dissolved. Many such solutions 
are kept in the apothecaries’ shops, under the name of 
medicated or distilled waters. It is well to keep them 
protected from the light, and in full vessels, — both 
light and air having a decomposing action on the vol- 
utile oils. ‘Chey are commonly prepared by distilling 
with water the vegetable substance containing the oil, 
‘aa thereby a mor intimate combination of the water 
with the oil is effected than by merely shaking it up. 

562. Volatile Oils and Alcohol. — Experiment. — 
Add a drop of oil of cumin to one ounce of 
alcohol; it dissolves readily and entirely. All the yol- 
atile oils are soluble in alcohol, moat of them in aleo- 
hol of eighty per cent; but the non-oxygenated oils, 
such as oil of turpentine, oil of lemons, &e., only in 
absolute alcohol. [f an ounce of water, in which balf 
an ounce of sugar has previously been dissolved, is 
added to the solution, we obtain cumin-cordinl. In 
this manner, by the aid of various aromatic oils, the in 
numerable cordials occurring in commerce are now gen- 
erally prepared (preparation of cordial in the cold way). 
‘They were formerly manufactured from aromatic seeds, 
flowers, herbs, &c., by pouring brandy over them, the 
brandy being afterwards distilled or dmwn_ off, where 
by a spirituous solution of volatile oils was likewise 
obtained. 

Experiment.—If some drops of bergamot, orange- 
flower, lavender, or rosemary oils are dissolved in half 
an ounce of strong alcohol, we obtain a spirit of a very 
pleasant odor. In a similar way the innumerable 

kinds of perfamed waters are yroyaredy ak Now wend of 














consistency; it ix called common Emropean turpentine ; 
bat Venice turpentine is the more transparent and moro 
fluid sort, which is procured from larch-trees. A yet 
finer quality, yielded by the American silver-fir, is called 
Canada balsam. 


‘The term balsam is applied also to several other res- 
inous vegetable juices, which exade from some tropi- 
cal trees, or are boiled out from them. The beat known 
fre the yellowish balsam of copaiba, an important med- 
icine, the blackish-brown balsam of Peru, and the 
brownish-gray balsam of storax (liquid storax), the last 
two of which are gencrally used for fnmigating, on ac- 
count of their agrecable odor, which reacmbles that of 
vanilla. 

All these turpentines and balsams are to be regarded 
as solutions of resin in yolatile oils, into which two 
constituents they ar: separated when distilled with 
“water ($551). The same thing happens when they are 
allowed to stand for some time in an open vessel in a 
warm place, except that in this case the oil volatilizes, 
and diffuses itself in the air. 

569. Preparation of the Resins. — Brperiment.— 
Spread a little turpentine upon a board, and put the 
board for some time near a heated stove; the oil of tur 
pentine evaporates, but the resin remains behind as an 
amorphous brittle mass. In some countries, incisions 
are made through the bark of the pine-trees, and the 
turpentine which exudes is allowed to evaporate on 
the trees themselves, and after it has been purified, by 
melting and straining through a colander, from the 
woody particles adbering to it, it is brought into mar 
ket under the name of resin, white pitch, or Burgun- 
dy pitch, Large quantitice of such resin are now ex- 

ported from the forests of America (Ametoan veria\, 
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its quantity of water, which is thereby rendered milky, 
because the resin is precipitated, but in suck a state of 
fine division that it floats about im the water in the 
form of small globules. If this milky Auid is heated to 
‘the boiling point, the resinous particles soften and unite 
with each other in small lumps, which may be taken 
outand pressed together in larger masses. This is a 
third method of extracting resin from vegetable sub- 
stances. 


DIFFERENT SORTS OF RESIN. 


570. The following are the most important resins: — 

Pine-vesia is the resin of our pine-trees. 

Galipot is a very clear yellowish-white kind of pine- 
resin, imported from France. 

Copat is of a yellowish-white color, turning to brown, 
and very hard; it comes to us covered with sand and 
earth, from which it is freed by washing it with lye and 
by seraping. The copal of the West Indies and Africa 
has a smooth surface, but that of the East Indies is 
wrinkled and uneven. It is insoluble in common alco- 
hol, but it partly dissolves in absolute alcohol, and dis- 
solves entirely in ether; the East India copal dissolves 
the most readily, 

Dammara resin (Kaurt or Cowdee) is colorless or 
yellowish, tolerably hard; comes from the East Indies. 

Mastic is yellowish, transparent, comes in rounded 
‘tears, and cxudes from a species of Pistucia, a tree 
growing principally in Groece, 

Sondarach, much resembling mastic, but yet more 
brittle, is the product of an evergreen tree which grows 
in Africa. 

Lae exudes from several species of Ficus growing in 
the East Indies, through ponciures wade by a emall 
le insect called the Coocus lacea. 





RESINS AND GUN-RESINS om 


@) Stick-lac is the name given to the juice dried 
upon the twigs. 

| &) Seed-tac, when it is broken off from the twigs. 
6) Siellac, when it is melted and strained through a 
doth to remove impurities. The liquefied resin is com- 
| Ss een th leet dhaesateene | it 
thus spreads out into thin plates. The finest shellac 
has an orange color, that of inferior quality a dark- 
brown color. It is very hord and tenacious, and for 
this reason is gencrally used in the manufacture of 





















- Benzoin flows from incisions made in 2 tree of the 
Bast Indiex. ‘The resin exnding during the first three 
years forms milk-white grains, but that formed afters 
wards is yellow or brown. Both sorts are kneaded to- 
gether; henee the amygdaline appearance of the com- 
‘iton benzoin. Its agreeable odor, somewhat like that 
has rendered it a popular ingredient in fu- 
g pastilles, and also in cosmetic lotions for 

‘the skin. One sixth of it consists of ben- 
aie acid. 


~ Dragon's-blood ix % brownish-red colored resin; it is 
ce of several palm-trees growing in the Bast 


iacem, a brownish-green resin, and also an olire- 
variety of the same, are obtained by roasting 
ood, ard are considerably used in medicine. 
af jalap is extracted by alcobol from the root 


Other realns are used in pharmacy, for in- 
“anime, tacamahac, clemi, &e. 

. Bitumen.—'T'wo other resins, amber and aa 
which are obtained from the earth or from 
, remain to be mentioned, 
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Amber probably proceeds from the forests of a pri- 
meval age, which have been submerged by floods of 
water, The resins form an cxception to the general 
rale,—they do not putrefy or decay, like other organic 
bodies. ‘The amber-rosin might accordingly remain 
for centuries unchanged in the earth, or in the sea, 
while the trees fromm which it exuded were changed into 
mould nnd earth, or, chemically speaking, became de« 
composed into carbonic acid, water, &e. Amber is 
found most frequently in the Baltic and on its coasts, 
and in many brown-coal mines. Its hardness and te- 
nacity are well known, since it is formed into various 
articles which are usvally manufactured from glass or 
horn. It differs from other resins, a8 it yields on fusion 
succinic acid, and undergoes a change, in consequence 
of which it then becomes soluble in alcohol and oils, 
which ecarcely attack it in its unmelted state. By 
longer fusion it becomes black, and is then called 
amber-colophany ; it yields, at the same time, a very 
disagrocably smelling eimpyreumatic oil, oil of arnber, 
which is sometimes used in medicine. 

Asphaltum, ox pitch of Judea, is likewise a mineral 
reain, which is found in many of the seas of Asia, par 
ticularly in the Dead Sea. It has a black color, and 
great similarity to the black resin which is obtuined 
by. the evaporation of pit-coal tar (factitious asphal- 
tum). Asphaltum is found in other places, and has 
a soft consistency, and resembles turpentine (Barbadocs 
far); this kind has jn later times been mixed with 
sand and lime for making artificial pavernents and 
tiles. It is very probable that these two resins, as also 
petroleam, are derived from layers of pit-coul which 
have been heated in the interior of the earth by vol- 

canic fires. 
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being white when it is moderately heated, but droww 
when the heat is so strong as to convert a part of the 
resin into black pitch. Colophony is so brittle, that it 


may easily be reduced to x powder. When the bow of | 


a violin is rabbed with it, the rosin powder formed re- 
mains adhering to the fibres, and these then again ad- 
here better to the strings of the violin. A similar effect 
is produced on the corde which eustain the weights in 
clocks when they are rubbed with rosin to prevent their 
slipping. The resins, accordingly, exert an effect con 
trary to that of oil; by resin, a rough, uneven surface ix 
produced, by oil, a smooth, slippery surface, 

575. Action of Heat on Resins. — The experiment first 








performed reveals at the same time another property of | 


resin, namely, its easy fusibility. Most of the resins 
require, in order to become fluid, a beat which is some- 


what higher than that of boiling water. If the melted. 


rosin is poured upon a beard, it spreads, and forms 
after hardening a solid, brilliant coating on the wood, 
The resins are hereby well adapted for protecting wood 
or metal from the penetration of air or water. For this 
reason, iron rails and iron ornaments are covered with a 
conting of pitch, to prevent them from being so quickly 
oxidized by the oxygen of the air; for the same reason, 
also, wine-casks and beer-barrels are smeared with piteh, 
that no air ray penetrate into the cuske, and that no 
beer may penetrate into the staves. The wood-work of 
ships, the hatches, &c., are covered with tar to keep out 
the sea-water and min; and finally, also, the solid and 
tenacious resin, shellac, is employed in the form of 
sealing-wax as a protection against curiosity. 
Sealing-war. — Experiment. — Melt together in a 
small ladle one fourth of an ounce of ple shellac, one 
dram of tarpentine, one dram of condor, and hee 








and then approach it to some small shreds of blotting- 
paper; they will Ay up to the sealing-wax, and remain 
adhering ta it for sore time. ‘This attraction is effected 
by electricity (resinous or negative electricity), which ia 
generated in the resins by friction. If you pour a mix- 
ture of shellac and rosin into a tin plate im order to 
obtain a larger surface, you will be enabled to extract 
the electricity from it in the form of sparks, and to col- 
lect it; this ix called an efectrophorus (bearer of electri- 
city). This mysterious power has received the name 
of electricity from Prexrpov, the Greek word for am- 
ber, in which the electrical phenomena were first ob- 
served. 

673. Resin and Alcohol. — Experiment.— Wrap half 
an ounce of sandarach in paper, and break it with a 
hammer into smaller pieces; then mix it with an eighth 


of an ounce of sand, which has been previously freed | 


from its pulveralent particles by washing, and after 
wards thoroughly dried, and pour the mixture into a 
gines vessel, with two ounces of strong alcohol. Tie 
a piece of bladder over the vessel, and let it remain 
for several days in a warm place, frequently stirring it 
round, ‘The clear solution of resin. thus obtained, is 
called lac-varnish, because, when smeared over metal, 
wood, or paper, it leaves behind, after the alcohol has 
evaporated, a vurnished, shining coat. If uleohol is 
ponred upon the sindamch, unmixed with sand, the 
resinous powder will cake together on the bottom of 
the vessel, forming 2 tenacions maas of resin, which 
dissolves much more slowly. To varnish, then, is to 
smear the surface of any thing with resin, By: this 
coat of varnish articles not only acquire a beautiful bril- 
Jianey, but are rendered at the same time impervious 
to air and water. When paper aricies —{or watanet, 
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rach, and mastic; the inferior and darker kinds, from 
umber-colophony, common colophony, turpentine, as- 
phaltum, &c. A yellow color is cometimes given to 
the pale varnishes by the addition of dragon’s-blood, or 
gamboge. 

‘The resins are likewise soluble in fat oils. Many 
ointments and plasters of the apothecaries consist of 
mixtures of fats and resins, and it is the latter which 
communicate to the former the property of adhering to 
the skin. ‘Turpentine is usually employed for this pur- 


pose, 

580. Resinous Soap.— Experiment. — Boil in a jug a 
quarter of an ounce of rosin, with one onnce of strong 
potassa or soda lye, and then gradually add lye by 
spoonfuls, until a sample of the mixture dissolves in hot 
water, forming a clear liquid. The masa hardena, on 
cooling, into a solid soap (a compound of the resinous 
acid and potassa, or soda). The resins, as we see, 
comport themselves towards strong bases like the fat 
acids, and hence have an extensive application in the 
manufacture of soap, being mixed with the fats in dif- 
ferent proportions in the manufacture of the cheaper 
kinds of soap. 

Experiment. — Mix 2 solution of resin soap with a 
solution of alum; an insoluble combination of resinous 
acid and alumina is formed. Resin soap is employed 
for the sizing of paper; it is first introduced into the 
vat containing the pulpy mase of which the paper is 
to be made, and then the solution of alum is added. 
‘There is thus formed ronnd each fibre of the paper a 
thin layer of insoluble alumina soap (resinons acid and 
alumina), which prevents the spreading of the ink. 
Acoording to the old method, the sheets of paper were 
passed through a solution of ghuc, wherdsy only a thin 


be 
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the outer and inner bark, a milky janice, whieh dries in 
the air into a white clastic mass, quite insoluble in wa- 
ter and alcohol. Itis gum elastic, or caoutchoue. The 
drying proceeds more rapidly when the milky juice is 
spread upon moulds of clay or lime, and then suspended 
over a fire. If, after the sum is dry, the elay or lime is 
removed by washing, hollow articles of caoutchoue are 
obtained, but which have a black or sooty appearance 
on account of the soot mixed with them. 

Experiment. — Caontchouc at the ordinary tempera- 
ture is hard and stiff, but it becomes soft when it is put 
into hot water or ina warm oven, Cut from one of 

Fig 24 these caontehoue bottles, softened 

by heat, a square piece, apply it 

SS evenly round the ends of two 

glass tubes, and then elip off with 

a pair of ecissors the ends of the strip in the direction 

marked out in the annexed figure: the fresh surfaces 

of the caoutchouc adhere firmly to each other (but still 

more closely when they are pressed together with the 

nail, yet without touching the freshly cut surfaces), and 

yea, «thus is formed a tube, which, firm 

ly tied at both ends, binds the 

—— toro glass tubes airtight vith €aoh 

other. Jn this manner, the glass 

tubes occurring in chemical apparatus are made pliant 

aud flexible, and the risk of breaking them ix themby 
diminished. 

Ezxperiment.— Pour some petroleam upon a few 
pieces of caoutchouc; the caoutchoue will swell up in 
it, and may then be converted info a homogencous 
mass. When melted with shellac, the mass affords a 
very permanent cement for wood, stoue, and iron (ship- 


»* 
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RETROSPECT OF THE FATS, VOLATILE OILS, AND 
RESINS. 


1. The fats, volatile oils, and resins are among the 
very generally diffused substanecs of the vegetable 
kingdom; most of them comport themsclves like indif- 
ferent bodies, many like feeble acide. 

2 As occurring in nature, they are mixtures of sev- 
eral similar substances with each other, which are, — 

a.) The fats; mixtures of solid fats (stearine, marga- 
rine) and of fluid fats (oleine, glycerine). 

b.) The volatile oils; mixtures of solid stearoptene 
and fluid oleoptene. 

@) The resins; mixtures of several different kinds of 
resin (alpha, beta, gamma reaing, &c.). 

3. As respects their elementary constitution, they 
consist only of the three eleimentary substances, carbon, 
oxygen, and hydrogen; but they are always poor in oz 
ygen and rich in hydrogen, (Some volatile oils contain 
no oxygen.) 

4. On account of the excess of hydrogen, — 

@,) They bum, when ignited, with a brisk flame, and 
yield, on decomposition by a glowing heat, mach com- 
bustible gas. 

4.) Most of them are so light that they float upon 
water, 

¢) They are dissolved only in liquids which are like- 
wise rich in hydrogen and poor in oxygen ; for instance, 
in alcohol and ether, but not in water. 

5. They are either liquid, or are easily rendered so, 
even when gently heated. 

6. The fats of animals have exactly the same consti- 
tution as the vegetable fats. 

iy 7. By the addition of oxygen many Kinds of ah We 
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upon our bodies; consequently, there must be other 
special substances present, from which the taste and 
effect proceed. Wormwood and rhubarb have a bit 
ter. taste, pepper and henbane a pungent and sharp 
taste, the roots of couch-grass and of liquorice a sweet 
taste. When introduced into the stomach, wormwood 
is stomachic, rhubarb purgative, pepper stimulating, 
henbane narcotic, &c. ‘These und similar actions must, 
even at an early period, have excited the attention of 
man, and led him to extract the tasting and medicinal 
principles from the planta, and to use them in med- 
icine, hie extraction was effected in a eimple man- 
ner, from the juicy parts of the plants by expression; 
from the drier parts, by treating them with cold water 
(maceration), or with hot water (infusion), or by boil- 
ing them with water (decoction). As the vegetable 
juices or extracts would soon become sour or mouldy, 
the water is evaporated away ; by this meana, a pulpy 
or pasty mass, or, on more complete dosiccation, a solid 
amorphous mass, is obtained, which is called an extract 
(watery extracts), and may be kept for years unchanged 
and undecomposed. Sometimes, instead of water, ale 
cohol or ether is used as a solvent (alcoholic and ethe- 
real extracts). Many of these extracts are always kept 
on hand by the apothecaries as medicines, and one 
ounce of them frequently contains as much active 
matter as one pound, or even several pounds, of the 
vegetable substance fromm which they were prepared. 

Tt has already been etated, that most of the vegetable 
juices contain sometimes larger, sometimes sealer, 
quantities of starch (sediment), mucus, gam, sugar, 
tannin, chlorophyll, vegetable albumen, salts, acids, 
&c.; hence, all these substances do not volatilize om 
evaporation, bat some of them toust sso be yesenin, 
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black color is to be sought for in this ready changeable~ 
ness of vegetable matter. 
— Pour upon some ounces of sliced 

root six times the quantity of bailing water, 
and, after it has stood for some days, express the liquid; 
when this has been filtered through rough Metin De ie 
clear, transparent, and of a sherry-wine color, Upon 
evaporation, we obtain from it a black extract, the well- 
known Spanish liquorice, which, when rediseolved in 
water, no longer yields a yellowish, but a dark-brown 
liquid. Not only the color, but the taste also, has 
ceptibly changed. Both changes clearly show, that 
during the evaporation a chemical decomposition of 
the dissolved matter has taken place. It is very simi- 
lar to that which happens during the putrefaction or 
slow oxidation of wood ; namely, oxygen is absorbed 
from the air, and some hydrogen and carbon are hereby 
oxidized into water and carbonic acid, whereby sub- 
stances similar to humus, richer in carbon, and con 
sequently darker-colored, are formed, ‘These are in 
part dissolved in the water, and canze the dark color of 
the liquid; but they are in part no longer soluble, and 
therefore separate from the solution as a dark-colored 
sediment. This sediment hax been desiguated by the 
likewise very indefinite term, oxidized extractive matter. 
From this it results as a general rule in the preparation 
of extracts, that the evaporation of the vegetable juices 
should be conducted, if possible, with exclusion of nix, 
and ata gentle heat; it is best done over the water 
bath. 

588. Crystallizable Extractive Matter.— In modem 
times, several of these peculiar substances have been ob- 
tained in a crystalline form, consequently as fixed and 
h independent compounds. Many of tees weaxe ery 
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containing prossic acid (oil of bitter almonds) when it 
is mixed with dissolved vegetable albamen. 

Centawrine, from the Chironia centaurium, bitter; as 
yet only known as an extract. 

Cetrarine, from Ieeland moss, bitter; a white powder, 

Columbine, from columbo-root, very bitter, crystallizes 
in white prisms. 

Gentianine, from gentian-root, very bitter, crystallizes 
in yellow needles. 

Imperatorine, from masterwort, very acrid and bum- 
ing; in white crystal 

Tupuline, from hops, an agreeable bitter; a-white or 
yellowish powder. 

Meconine, from opium (poppy-juice), acrid to the 
taste ; in white crystala. 

Picrotoxine, from the seeds of the Cocenlus Indicus, 
very bitter, narcotic, and poisonous; in white needles. 

Quassine, from the wood of the quassin, very bitter; 
in white crystals. 

Santonine, from worm-seed, bitter, in white crystals, 

Seillitine, from squill, nauscously bitter; a white 
amorphous mass. 

Senegine, from senega-toot, acrid and astringent; a 
white powder. 





Glycyrrhizine, from liquorice-root, very sweet; a 
pale-brown amorphous mass. 

Poyitine, from the leaves and bark of the poplar, 
sweet; crystallizable in white necdles, 


Asparagine, from asparagus, having an insipid taste; 

in white crystals. 
Smilacine, from the root of the sarsaparilla, tasteless ; 

in white crystals. 
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stances Likewise terminate in ise, and are incladed 
in parentheses in the following list of the most impor- 
tant vegetable coloring matters. 


591, Red and Violet Coloring Substances. 


@.) Madder is the ground-up root of the Rubia tine 
toram. ‘The fresh root looks yellow, but when exposed 
to the air it becomes red, owing to the absorption of 
oxygen, and yields a superior permancnt or fast red 
color in dyeing, for instance, the brilliant ‘Nurkey-red ; 
also beautiful varnish colors, such as madder-varnish, 
(Coloring matter, Alizarine, or madder-red, crystallizes 
in yellowish-red needles, soluble in boiling water.) 
Madder contains, moreover, a yellow, an orange, and 
a brown coloring matter. 

4) Brazit-wood (Fernumbuca), from the heartwood 
of several trees growing in South America, imparts to 
different materials a beautiful but not very permanent 
(not fast) red color, It is employed also in the prep- 
aration of red ink, of drop-lake, &¢. (Coloring matter, 
Braziline, crystallizes in. orange-coolored needles, easily 
solable in water.) 

¢.) Safflower, the flowers of the dyer's saffron, are 
used for obtaining a brilliant rose-color (for pink-sau- 
cers), (Coloring matter, Carthamine, soluble in water.) 

a.) The atkanet-root contains in its bark a resinous 
coloring matter, which is consequently not soluble in 
water; cloth is dyed violet with it, but aleohol, oils (as 
petroleum), and fats (as lip-salve), are colored pink 
with it, 

¢.) Sandalwood (red sanders-wood), the rasped 
blood-red wood of a tree growing in the Enst Indies, 
contains likewise a red, tesinous coloring matter ( San- 

taline). 














of the Bixa Orellana, and contains two coloring princi- 
ples, a yellow and a red: The former is dissolved | 
when the annotto is boiled with water, the latter on | 
boiling it with a wenk lye (Orelline). | 
Sf) Tmazric, the rook of « plant grawing la the ase 
Tndies, is very rich in a resinous yellow pigment, which | 
is colored brownish-red by alkalies, Paper stained with 
it may therefore be used like red litmus-paper for de- | 
tecting alkalies. (Curcumine, an amorphous yellow | 
mass.) 

) Saffron consists of the dried stigmas of the flow. | 
ers of the Crocus sntivas. Its application, in coloring | 
teow: (Poche) | 










known. (Polychroite.) 
593. Green Coloring Substances. 


(chlorophyll) is one of the most widely 
diffused substances in the vegetuble kingdom, since it 
occurs in all parts of the plant which possess a green | 
color, As found in plants, it is a mixture of wax and | 
of several coloring mattera not well known. It need 
hardly be gaid, that it is not soluble in water; for if it 
were, the water would become green on flowing over 
meadows. The expressed juices of the herbs are in- 
deed green, but it is obvious from their turbidness that 
the leafgreen is only mechanically mixed with the 
liquid. We become still more fully convinced of this 
by the separation of the coloring matter which takes 
place when the juices are boiled, or allowed to remain 
for some time in repose, If, on the other hand, aleohol, 
ether, or weak lye, is poured on the green leaves, we 
obtain green solutions; hence all the tinctures of phare 
macy which are prepared from leaves or stalks have a 

The green colot wpyeete ooky in Noon, 


a | 
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salte is sulphindigotate of of potassa (eta canine} which 


mine is indeed soluble in pure water, but not in water 
containing « salt in eolution, 
Deoxidation of Indigo. — We can also, but in a very 
different way, render indigo soluble, by mixing it with 
bodies which have a very great ailinity for oxygen} for 
instance, with pratoxide of iron, protoxide of tin, &e. 
Experiment, —~ Tritarate balf 1 dram of finely pow- 
dered indigo, with balf a dram of grecn vitriol, and 
one dram and a balf of slaked lime; ehoke up the 
mixture in a four-ounce bottle; then, having filled the 
bottle with water and closed it tightly, let it stand 
for several days; the indigo gradually loses its blue 
color, and dissolves into a clear yellowish liquid. ‘The 
body which effects the decoloration is the protoxide of 
iron, which is acparated by means of the lime from the 
green vitriol. This attracts oxygen from the indigo, 
whereby the Jatter becomes colorless and soluble in 
lime-water (reduced indigo). Asx soon as the clear 
liquid is exposed to the air, it again attracts oxygen and 
becomes blue. If you saturate a piece of blotting-paper 
with the liquid, and then dry it in the air, it first be- 
comes green, and then blue, and the blue color formed 
adheres quite firmly, since it has not only settled upon 
but in the fibres of the paper. In dyeing establish- 
ments, such a solution of indigo is called the end wat. 
Another method of rendering indigo soluble is by udd= 
ing it, together with hot water, to a mixture of bran, 
woud, madder, &c., which (carbonate of potassa and 
lime being present) passes into fermentation. The 
fermentation is partly acid, and partly putrid; in both 
Processes oxygen is required, whieh is in yart taken 
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frequently employ this solution for staining fariture. 
Alcohol acquires a pink color when a small picce of 
alkanet-root is put into it Water will not extracta 
red pigment from either of these enbstances. Those 
coloring matters which are soluble only in alcohol are 
called resinous. 

Experiment b.— Boil for some time in a <i 

Fie 8. French berries ; 24, 

and 3d, fogwood ; ench poparatelyy 
with twelve times its amount of 
water; the decanted decoction of 
the first is yellow, of the second 
reddish-yellow, und of the third 
brownish-red; a sufficient proof 
that the coloring matters con- 

tained in these substances have been dissolved in the 

water, Dyers call these colored decoctions baths. 

Experiment ¢. — Divide these coloring decoctions into 
two equal parts. Dissolve a quarter of an ounce of 
alum in one of each of the parts, and then add to them 
asolation of carbonate of potassa, as long as any pre« 
cipitate subsides. As was stated in § 260, the hydrate 
of alumina is precipitated; but, together with this, the 
coloring matter is also precipitated, and hence the pre- 
cipitates are colored. ‘These precipitates are called 
lakes. The lake obtained from the French berries oc- 
curs in commerce under the name of yellow lake, that 
from Brazil-wood as drop-lake. 

Experiment d.— Prepare a solution of alum (a), 
another of salt of tin (6), a third of green vitriol (c), a 
fourth of carbonate of potassn (d), a filth of tartaric acid 
(e), and saturate a sheet of white blottimg-paper with 
each solution. When dry, ent exch steet into three 

strips, amear one of the ettips from each dhedi-wits Noe 
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interrupted homogeneous color, an interrupted color is 
obtained, presenting a pattern, 


XIV. ORGANIC BASES, OR VEGETABLE 
BASES (ALKALOIDS). 


596, Ir bas already been mentioned, under the head 
of extractive matter, that many plants contain peculiar 
substances, which, like the inorganic bases, ean combine 
with acids, forming salts; they are called organic bases, 
Many of them, also, like the alkalies, exert a basic re- 
action upon red fesl-paper; hence the second name, ale 
kaloids. The organic bases are to the inorganic bases 
what the organic acids are to the inorganic acids, 
The organic bases arc composed of two, commonly of 
four elements (carbon, hydrogen, oxygen, and nitrogen), 
the inorganic of two elements only; they are charred 
and consumed by heat,—the inorganic bases are not; 
they undergo, in the presence of water and heat, a pus 
trefactive decomposition, —the inorganic bases do not 
They are characterized by containing, almost without 
exception, nitrogen in their composition. 

Almost all organic basea diesolve with difficulty, or 
not at all, in water, but more readily in alcohol; their 
solutions have commonly a very bitter taste, As a 
general rule, they dissolve, when combined with acids 
as salts much more easily in water, than they do when 
in their simple condition. 

Most of the organic bases known at present are de- 
rived from those plants which are characterized by their 
poisonous qualitics or by their medicinal effects, and 

we have strong reazons for attcibating to ‘her the poe 
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Atropine, from the root of the belladonna (deadly 
nightslude) ; it crystallizes in white silky prisms; very 
Ppoisonoas. 

Chelidonine, from the celandine; crystallizes in color 
leas tables. 

Quinine ia found combined with kinic acid, chiefly in 
the erown-bark and in the Calisaya-bark, and crystal- 
lizes in silky needles; but it also occurs under the name 
of quinoidine in the amorphous state, ax a dark-brown 
resinous mass, and is a very important medicine. The 
basic sulphate of quitine, which occurs in white needles, 
ig most commonly used in medicine. This is very 
difficoltly soluble in water, but is very readily dissolved 
in it when sufficient sulphuric acid is added to convert 
it into neutral sulphate of quinine, Another base, very 
similar to quinine, occurs in the gray cinchona-tark; it 
crystallizes in white prisms, and has received the name 
cinchonine. 

Caffeine, or theine, from the unroasted coffee-bean, or 
‘the so-called green tea; crystallizes in fine white prisms 
of a alley Instre, 

Colchicine, from meadow-saffron ; crystallizes in white 
needles; it causes, when taken, the most violent vomite 


Daturine, from the seeds of the thorn-apple, in color- 
less crystals; highly poisonous. 

Emetine (from ipecacuanha) occurs when pure ag a 
white powder, when impure as a brown extract; a 
powerful emetic. 

ine, from henbane, in radiated groups of 
white needles; a narcotic poison. 

The Alkaloid of Opium. About forty years ago the 
first vegetable base was discovered in opium, — the in- 

spiseated juice of the poppy, — and was calle morpnione. 
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RETROSELCT OF THR EXTRACTIVE AXD COLORING 
SUBSTANCES, AND OF THE VEGETABLE BASES. 


1. Besides the genorally diffased vegetable substances, 
there occur in almost every plant peculiar principles, 
upon which, ia many cases, the effect, taste, and color, 
of theee plants depend, 

2. We find these peculiar principles mixed with va- 
tious other substances in the inspissated vegetable juices, 
the so-called extracts. 

3. Many of them are non-azotized, others azotized, 
and atill others contain at the same time sulphur. 

4. Those combinations which are indifferent, and 
have no prominent colar, are oslled extractive matier ; 
they are also called bitter-extractive, because they have, 
for the most part, # bitter taste. 

&. Coloring matter is extractive matter which has an 
absolute inherent color, or is converted by the action of 
other bodies into colored combinations; it is quickly 
rendered colorless by chlorine, slowly by light and. air 
(bleached). 

6 Coloring matter presents a great affinity for some 
bases, especially for alumina, sesquioxide of iron, and 
peroxide of tin, and forms with them insoluble col- 
ored compounds (lake-colors); in dyeing and calico 
printing these insoluble precipitates are produced in the 
fibres of the yarn or material. 

7. The vegetable bases can, like potassa or soda, coms 
bine with acids, forming salta; many of them also exert 
an alkaline reaction; most. of them are difficultly sol- 
uble in water, but easily soluble in alcohol. 

8, The vegetable bases occur principally in those plants 
which are characterized by yarticular paisonous or medi- 
|» ginal qualities. Many of them are very Vidhesh yeheoms, 
la 9, Almost all vegetable bases contain witrogen, 
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lons-tasting citric acid (or tartaric acid) with sugar is 
called demonade-powder. By moderate beuting, the 
citric acid passes into aconitic acid, an acid which also 
occurs native in monk’s-hood. 

GOL. Malic acid is obtained from sour apples, ber- 
ries of the mountain-ach, and many other plants; it 
is very deliquescent, and therefore is difficult of erys- 
tallization. Malic, citric, and tartaric acids are found 
associated together in almost all acid fruits. 

602. Formic acid occurs in ants, but may be arii- 
ficially produced from almost all vegetable matters, 
when they are treated with bodies rich in oxygen; for 
instance, nitric acid, ebromie acid, black oxide of man- 
ganese, or sulphuric acid. It is a volatile, colorless 
liqnid, of a very acid taste, and a very pungent odor. 

603, Tennic acid (tannin) is the gencral name given 
to that substance, of very frequent occurrence in planta, 
especially in the barka of trees, which imparts to them 
the well-known puckering and astringent taste. It is 
regarded as an acid, because it has an acid reaction, and 
can combine with bases. These acids are divided, nc« 
cording to the plants in which they oceur, into querei- 
tannic, mimotannic, &e. acids. The quercitannie acid, 
which is found most abundantly in nat-galls and in the 
bark of young ouk-trees, is best known. In the pure 
state it forms a white or yellowish gum-like mass, 
which is very easily dissolved in water and aleohol. 
Tt forms the principal constituent in the tineture of nut+ 
galls, There are two properties which especially char- 
acterize tannic acid, and have stamped it as an ex- 
tremely important substance in the arts: — 

a.) It yields, with salts of sesquioxide of iron, a 
blue-black precipitate of tannute of seaquioxide of iron 

(§ 285), and therefore is generally employed Sor dgerng, 
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¢) Divi-divi, the seed capsules of an African plant. 

JS) Bablah, the pods of a species of mimosa growing 
in the East Indica, 

&) The rind of the pomegranate, rind of the walnut, 
&e., &e. 

606. The acids just mentioned, together with tar 
taric, oxalic, and acetic acids, previously treated of, are 
very widely diffused; but besides these there are many 
others, which are found only in particular plants or 
vegetable substances, or are artificially prepared from 
thom ; as, — 

Succinic acid, in amber; white erystals, volatile in the 
heat; it is formed also by the oxidation of stearic acid. 

Benzoie acid, in benzoin; white crystalline needles, 
volatile in the heat; it is formed also in many ethereal 
oils, when long kept. ‘The bitter oil of almonds, on 
exposure to the air, is oxidized, and completely conyert- 
ed into crystallized benzoic acid. 

Cirnamic acid, in old oil of cinnamon and in balsam 
of Peru; white crystals. 

Caryophyllic acid, in the oil of cloves; an oily Tiqnid. 

Valerianic acid, in the root of valerian ; an oily liquid 
of a pungent odor. May be prepared, also, from the 
fusel oil of potatoes. 

Suberic acid is prepared by heating cork or fat acids 
With nitric acid. 

Fumaric acid, in famitory and in Iceland moss; it is 
formed also by heating malic acid. 

Chelidonic acid, in celandine. 

Meconic acid, in opium. 

Kinic acid, in cinchona-bark. 

Laetie acid, in whey, sour-krout, joices of Mesh, &o. 

ric or lithic acid, mn urine, &e. 
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many parts soluble in water, pit-coal and pent-ashes 
very few parts; the former yields with water a power 
ful alkaline lye, the latter does not; the former always 
acts on our fields and meadows as an excellent ma- 
nure, the latter only in a small degree, Grent differ: 
encea also appear when the ashes of other plants or 
parts of plants are compared with each other, as may 
be seen from the following table: — 


Of which are 

ae orn 
100 Ibe. oak-wood 2to4 Ibn ashes; 
100 “ ocak-bark He gions tr 
100 “ ogk-leaves(inspring) 5% & + 
100 « «© ~— (infall) BH 
100 « dried potatoes b Did Shadi! $ 

100 « 156 4 Deto yy 
100 « wheat-grain 2ega “a + 

100 * wheat-straw 44648 & Ytop. 


‘The quantity, as well as the nature, of the inorganic 
matter in plants consequently varies in the most re- 
markable manner, and nat only according to the digfer- 
ence of the plants, but according to the diference of the 
individual parts of one and the same plant; indeed, even 
in the latter according to the difference of age. We 
always find the largest quantities of it in the younger 
vegetable organs, where the progress of growth is most 
active, namely, in the leaves and twige. 

609. If we ask what is the constitution of vegetable 
ashes, chemical analysis replies, that they consist prin 
cipally of potassa, soda, lime, magnesia, and sesquioxide 
of tron, combined with carbonic acid, silicic acid, phos- 

phorie acid, sulphuric wcid, and muriatic acid (chlorine), 
Of these combinations there are yruciyally,— 
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6.) Carbonic acid furnishes the plants with carbon. 
—This is principally absorbed ($167) by the leaves 
from the air, which is constantly supplied with it by the 
processes of combustion, decay, and respiration. More- 
over, the roots of the plants find carbonic acid im every 
soil which contains humus, for humus consists of de- 
caying organic mutter, thnt is, orgunic matter resolving 
itself into carbonic acid and water ($444). From this 
limited source the young plants especially draw their 
nourishment, before they have leaves enough by means 
of which to appropriate to themselves the carbonic acid 
from the free air, The changes which the latter ander- 
goes by the action of living plants are shown in the fole 
lowing experiments: — 

Erperiment.— Fill a glass fonnel with the fresh 
leaves of some plant, and invert it 
in a wide glaze yeesel filled with 
water, in such a manner as quite to 
cover the funnel with water. Now 
close the upper opening of the fan 
nel with a cork, suck out, by means 
of a glass tube, a part of the exterior 
water, and expoee the vessel to the 
sun; bubbles of air will soon rise 
from the leaves, and collect in the tube of the fannel. 
‘When the water is so far pressed down within the fun- 
nel that it stands on a level with the exterior water, 
then uncerk the funnel, and hold a glowing shaving 
in the gas evolved from the leaves; the shaving will 
inflame briekly, just as it would in oxygen gas, In- 
deed, this gas is really oxygen, which is derived from 
the carbonic acid contained in the water, ‘Thus, in the 
plants, the carbonic acid bas been resolved into its 
constituent parts, by the influence of Light, Me oxygen 
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able. From the disgusting substances of decay are 
formed again the living wonders of the vegetable world. 


Pe a8 






eat ascent aed plea, Tiving plat 

d) Plants are furnished, through the soit and water, 
with the requisite inorganic matters, — Our arable land 
is constantly undergoing changes; the orgunic matter 
contained in it decays, the inorganic is decomposed by 
tie-action of time and weather. By the last process 
soluble salts arc ulways forming from insoluble rocks, 
which salts may now be absorbed by the roots of plants 
Weathering takes place also beneath the surface of the 
earth, and indeed wherever air and water can pene 
trate into the masa of rocks. ‘The substances thus 
rendered soluble are taken up by the rain-water, and 
constitute the salts contained in our common spring 
and river waters; accordingly, in many places plants 
fan receive from water also inorganic matter. Finally, 
the air likewise contains inorganic substances which 
have been conveyed into it by evaporation (§ 182), 
especially from the ocean, and also by the force of the 
‘winds, and which are diffased by it over the whole 
earth, These are returned again to the earth in main, 
dew, snow, d&c., and thas we can no longer wonder at 
finding in plants salts (for instance, common salt) not 
existing in the rocks from which the soil serving as a 
habitation for these plants has been formed. ‘The 


‘ebanges which these substances undergo m wsiog Yann 
have — been noticed in the preceding section. 
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and it is therefore indispensable to mix these constit- 
nents artificially with the soil in order to maintain its 
fertility. This is done, either directly by those mineral 
substances which contain lime, potassa, soda, phosphoric 
acid, &c, a8, for instance, by lime, gypsum, mart, 
wood-ashes, bone-nshes, animal charcoal, common salt, 
&c.; by the overflowing of meadows with water, &e.; 
‘or indirectly, by the salts contained in most kinds of 
manure. The soluble salts existing in the food are re- 
moved again from the animal body by the urine of an- 
imals, the insoluble by the solid excrements; and thus 
is explained, in a simple manner, why the excrements 
of animals fed upon dats are the most appropriate and 
‘most powerful manure for oats; those of animals fed 
‘upon peas, clover, or potatoes, the best manure for peas, 
clover, or potatoes, In these saline or inorganic sub- 
stances consists the second made of operation of the an- 
imal and vegetable manures. 

Since the different kinds of plants require different in- 
organic substances, and different quantities of them, for 
their nourishment,—somé, for instance, principally salts 
of potassa, others salts of lime, and others again phos- 
phates or silicates, —so it is advantageous in the eulti« 
vation of plants to make such an allernation (rotation of 
crops) that a potassa plant shall be followed by a lime 
plant, and this again by a silica plant, &c. In this 
way, it is possible to obtain from field which is ex- 
hausted for one kind of plant a second or a third crop 
consisting of a different species of plant, without the 
necessity of manuring it each time, é 

GIS. It is clear from these hints, that chemistry alone 
can give to the farmer a knowledge of the constituents 
of his soil, of the constituents of the plants which he 

wishes to cultivate upon thie soil, and of tne eattances, 
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a.) Into such as occur in almost all planta; for in- 
stance, vegetable tissue, etarch, sugar, gam, mucus, fats, 
many acids, chlorophyll, albuminous matter, &e. 

%.) Into such as occur only in certain kinds of plants ; 
for instance, extractive matter, coloring matter, volatile 
oils, resins, many acids, organic bases, &e. 

ll. According to their chemical character : — 

a.) Into vegetable acide. 

4.) Into vegetable bazes. 

« ©) Into indifferent vegetable matter. 

‘The indifferent combinations predomimite in the vegs 
etable and animal kingdoms, the acids and bases in the 
mincral kingdom. 

IIL According to their composition :— 

e.) Into non-azolized substances, and, moreover, 

a. into those rich in oxygen, namely, organic 
acids, &e.; 

A, into those rich in hydrogen, namely, fats, -vol- 
atile oils, resins, &c.; 

y into those rich in carbon, namely, vegetable 
tiene, starch, sugar, gam, mucus, &o. 

d.) Into azotized substances; for instance, organic 
bases, many of the coloring matters, fe 

c.) Into those containing nitrogen and sulphur; for 
instance, albumen, gluten, caseine, &ec. 

‘The non-asotized compounds predominate in the 
vegetable Kingdom, the azofized and swlphurised com- 
pounds in the animal kingdom. 

5. The vegetable substances prodaced by nature may 
‘be transformed and decomposed in various ways into 
new combinations. ‘They may be changed, — 

a.) By the addition of oxygen; as, 

a, by combustion with free access of air (carboni¢ 
acid, water, nitrogen) 4 
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three fourths of a dram of carbon is obtained; but this, 
on account of its minute state of division, possesses 
such a striking bleaching power, that one ounce of 
bone-black acts far more powerfully than the samc 
quantity of wood-coal. If ammonia is added to the 
filtered liquid, the dissolved phosphate of lime is again 
precipitated from it as a white powder, because the 
muriatic acid is neutralized by the ammonia, and thereby 
loses the capacity of holding the bone-earth in solation. 

656. Experiment.— Put a bone in a glass vessel, and 
pour over it some diluted muriatic acid; the bone will 
gradually become soft and transparent, and finally pass 
into a cartilaginous translucent mass. The way in 
which the muriatic acid acts is obvious from the former 
experiment; it dissolves the bone-earth, and the gelatine 
remains behind, since it is insoluble in muriatic acid 
and in water. If the gelatine is taken from the acid, 
and, after having been washed, is boiled for some time 
with water, it passes over into glue, and a solution is 
obtained which coagulates on cooling. This method 
is employed in many factories for preparing glue from 
bones. ‘The acid solution of bone-earth makes an ex- 
cellent manure. That bone-earth is in fact dissolved in 
the acid is readily ascertained by the addition of am- 
monia. 

657. In boiling out the bones with water, not only the 
fat present in all bones, but also the gelatine lying in 
the external part, is extracted, and the latter may be 
entirely extracted when the boiling is performed in 
tight vessels, as in this case the water is forced by 
the increased pressure into the interior of the bones. 
Steam, also, at a great tension, operates in the same 
way. Glue is prepared on a large scale, according to 
both of these methods. 

55 
































